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Sulfenes a re  comnonly generated  from a l ip h a t ic  su lfo n y l ch lo rid es  
w ith  t e r t i a r y  amines. The accepted E2 mechanism fo r the  HCl-elim ina- 
t io n  from the su lfony l c h lo rid e  was re-examined using bases o th er 
than te r t ia r y  amines. Bases o f equal or h igher s tren g th  than te r t ia r y  
amines but 1cm n u c le o p h ilic ity  were chosen fo r the experim ents. 
A lip h a tic  su lfo n y l ch lo rid es fa i le d  to  re a c t w ith sodium hydride, 
lith ium  hydride o r the Corey base, bases which a re  g en era lly  con­
sidered  to  be stronger than t e r t i a r y  amines. In a k in e t ic  study, 
using phenylm ethanesulfonyl ch lo rid e  and tr ie th y lam in e , a second 
o rder r a te  dependence fo r trie th y lam in e  was observed. Based on 
these  experim ental d a ta , the  E2 pathway fo r su lfene  form ation from 
a lip h a t ic  su lfo n y l ch lo rid es  and t e r t i a r y  amines i s  not l ik e ly .  
In s tead , a mechanism involv ing  i n i t i a l  a tta c k  o f the t e r t i a r y  amine 
a t  the su lfony l group v ia  a su lfone  ammonium in te rm ed ia te  followed 
by proton a b s tra c tio n  (su b s titu tio n -e lim in a tio n  pathway) i s  in  
agreement w ith the experim ental r e s u l ts .
A new method fo r the  genera tion  o f n o n -s ta b iliz e d  su lfen e  by 
the therm olysis o f a l l y l i c ,  b ic y c lic  su lfones was attem pted.
Dimethyl 2 ,2 -d io x id o -2 -th ia b ic y c lo [2 ,2 ,2 ]o c ta -5 ,7 * d ie n e -5 ,6 -d ic a r-  
boxylate  and dimethyl 2 , 2 -d iox ido -2 - th ia b ic y c lo [2 , 2 ,2 ]o c ta -7 -ene- 
5 , 6 -d icarboxy la te  were thermolyzed w ith and w ithout su lfene  trapp ing  
agen ts. The therm olysis re a c tio n s  proceeded v ia  a novel SOg- 
ex trusion-rearrangem ent re a c tio n  under form ation o f cy c lo h ep ta trien e  
d e r iv a tiv e s . Trapping experiments involving e le c tro n  r ic h  alkenes 
(enamines) did not lead to  d e te c tab le  amounts o f su lfene  cyclo - 
ad d itio n  p roducts.
v
Attempted cyc loadd ition  rea c tio n s  between in  s i tu  generated 
su lfen e  (m ethanesulfonyl c h lo r id e /tr ie th y la m in e )  and an e le c tro n  
d e f ic ie n t  d iene (th io p y ran e-1, 1-d iox ide) were w ithout success.
The chem istry o f D-cam phor-10-sulfonyl ch lo rid e  w ith  t r i ­
ethylam ine, a rea c tio n  known fo r  many decades, was explored in  
g re a te r  d e ta i l .  (Z )- and (E)-D -cam phor-lO-chlorosulfoxide were 
su c ce ss fu lly  separa ted  and obtained in  pure form. In c o n tra s t  to  
the re a c tio n  o f phenylm ethanesulfonyl ch lo rid e  and trie th y lam in e , 
the re a c tio n  o f D-camphor-10-su lfo n y l ch lo rid e  w ith trie thy lam ine  
d id  not show any so lven t dependence. The lack  of so lven t dependence 
is  a t t r ib u te d  to  th e  involvement o f the  camphor-carbonyl oxygen 
which s ta b i l iz e s  the p o s it iv e  carbon c en te r  o f the  su lfene  in te r ­
m ediate by neighboring group p a r t ic ip a t io n . Experimental evidence 
fo r the n e ce ss ity  o f the  carbonyl group in  the form ation o f the 
D -cam phor-10-chlorosulfoxides was provided by the  re a c tio n  of 
cam phane-10-sulfonyl ch lo rid e  w ith  tr ie th y lam in e . The l a t t e r  
re a c tio n  f a i le d  to  give cam phan«-10-chlorosulfoxides. In s tead , the 
aldehyde 7 ,T -d im ethy l-l-fo rm y lb icyclo [2 ,2 ,l']hep tane  was formed in 
low y ie ld .
vi
I . INTRODUCTION
Several reviews re la te d  to  the generation  and chem istry o f s u l ­
fenes have appeared in  recen t y e a rs . 1 ,2 ,a ’4 T herefore, th is  in t r o ­
duction  is  not intended to  rep resen t a comprehensive review on s u l ­
fenes but to  b r ie f ly  summarize methods o f genera tion  and the most 
ty p ic a l reac tio n s  o f su lfen es .
Formally, su lfenes a re  the  S ,S ' -d ioxides o f thioaldehydes (_1,
R ■ a lk y l, a ry l R' 3 H) or th ioketones (l.> R * R' » a lk y l, a ry l) .
They can a lso  be c la s s i f ie d  as the in n er anhydride o f su lfo n ic  ac id s, 
ju s t  as ketenes rep resen t the  inner anhydrides of carboxylic  ac id s. 
Furtherm ore, they can be looked a t  as d e riv a tiv e s  of su lfu r  tr io x id e , 
in  which one oxygen atom is  replaced by an a lky lidene  group .2 In 
su lfe n es , a l l  the e lec tro n s  o f the  s u lfu r  atoms a re  involved in  bonding.
From the reac tio n s  o f su lfene  w ith  various reagen ts , i t  can be 
concluded th a t sev e ra l resonance forms ( la -W ) may be form ulated for 








la lb lc Id
1
2The accum ulative s tru c tu re  Uj , which is  n e u tra l  lo c a lly , as 
w ell as o v e ra l l ,  in d ic a te s  the  a b i l i ty  o f su lfene  to  re a c t in  two 
d ire c tio n s , on the one hand, to  form w ith  w ater d e riv a tiv e s  of methane- 
su lfo n ic  ac id , and on the  o th e r , to  give d e riv a tiv e s  o f hydroxy- 
m ethanesu lfin ic  ac id . Both types o f processes do occur, but as w ill  
be seen l a t e r ,  most su lfene  reac tio n s  correspond to  the ones which
In  1911, Wedekind and Schenk5 coined the  name su lfene  to  express 
the  re la tio n sh ip  to the ketenes. They made the  f i r s t  attem pt to 
sy n th esize  a su lfen e  from an a l ip h a t ic  su lfony l ch lo rid e  and t r i ­
ethylam ine in  analogy to  W edekind's ketene sy n th e s is , 6 In a re a c tio n  
o f phenylm ethanesulfonyl ch lo rid e  2_ w ith  trie th y lam in e  they obtained 
triethyiaranonium  c h lo rid e  and t r a n s -s t i lb e n e  ^ , which they assumed 
was derived from phenylsulfene ^  , p o ss ib ly  v ia^ th e  carbene 
in te rm ed ia te  Ij- . In 1916, S taudinger and Pfenninger7 attem pted








^  dim eriz.
3the sy n th esis  o f  a su lfen e  by the rea c tio n  o f diphenyldiazomethane 
_6 w ith  su lfu r  d iox ide. T heir in v e s tig a tio n s  d id  not provide the 
expected d ipheny lsu lfene  £  but re su lte d  in  the form ation o f the 
ep isu lfone  8 as o u tlin ed  in  Scheme 1.
Scheme 1:
2 CgHgCN2 +  SQ2
6
0
[Ph2C~N s  N]
I 0SO2






Pt^C -N  s  N 
©
8
S im ila r rea c tio n s  involv ing  diazoalkanes and s u lfu r  d ioxide were 
l a t e r  s tu d ied  by K lo o s te rz ie l8 , Hesse9 ' 16 and Vargha10.
F u rther re fe re n c e s11’ 12113 re la te d  to  su lfen es were made a t  about 
the same tim e. However, no research  was c a rr ie d  out in  th is  a rea  be­
tween 1S90 and 1950- The only re p o r t on su lfene  during these  two 
decades appeared in  S u te r 's  book14, which po in ted  out th a t "a su lfene  
o f s tru c tu re  R2C=SC£ could not be prepared", the  au thor re fe r r in g  to  
the above mentioned su lfene  l i t e r a tu r e .
In  1952, Backer, K lo o s te rz ie l and co-workers re c a lle d  the  name 
su lfen e  to the  chemical l i t e r a t u r e . 15 In a s e r ie s  of papers, they 
extended and c la r i f i e d  the e a r l i e r  experiments o f S taudinger and 
P fen n in g er.15’ 17, In  i 960, su lfene  chem istry experienced fu r th e r
re juvenation  when DeMayo and co-worker reported  th a t u l t r a v io le t  
i r r a d ia t io n  o f six-member r in g  diene su ltones *-n methanol gave 
the su lfo n ic  e s te r  _11 which was regarded as a r is in g  from the  su lfene  
in te rm ed ia te  10 . 18
JbL
CH3OH SO3 CH3
2  12. -U
S im ila r r e s u l ts  were obtained by King e t  a l . 19 and by W eintraub e t  a l .*1
Today, most comnonly su lfenes a re  generated in  s i t u  by the  
Wedekind method, th a t i s ,  from su lfo n y l ch lo rid es bearing a-hydrogens 
and t e r t i a r y  amines. T riethylam ine is  most frequen tly  used as a 
base s in ce  i t  can be e a s i ly  p u r if ie d , added to  and removed from the 
rea c tio n  m ix ture. Furthermore, i t s  hydrochloride is  p r a c t ic a l ly  
in so lu b le  in  the common organic so lven ts and can th e re fo re  be removed 
by f i l t r a t i o n .
The ex is ten ce  of su lfen e  in term ed iates in  the Wedekind re a c tio n  
was dem onstrated independently by King and Durst21’22 and T ruce .23 
They reasoned th a t ,  i f  the  rea c tio n  of a base w ith an a lkanesu lfonyl 
c h lo rid e  12 were to proceed vfa . a  su lfene  1^ . , then , in  the  p re ­
sence o f D^ O or deu tera ted  a lcohols (DOR) the products should con ta in  
only one atom o f deuterium  a t  th e  carbon a  to the  su lfo n y l group Ij; .
H
R-CH2 -SQ2 -Cl + R^N ---------- >  [R-CH=S0e ]  + RiN Cl"
©
12
a: Z -  OD
R-CH=S02 + DZ ---------- >  R-CHD-SO2Z b . z * OR
lU
By c o n tra s t , a d i re c t  s u b s ti tu t io n  a t  s u lfu r  by DZ or R3 'N would lead to 
the nondeuterated compound 15 . Any random exchange o f hydrogen fo r 
deuterium  would be expected to  give a m ixture o f u n su b s titu ted , mono- 
and d id eu te ra ted  p roducts .
+Et3N
R-Chs-Stfe-Cl + DZ . Et3ND c l - > R-Clfe-SQsZ
0 11
Experim entally, in  the presence o f trie th y lam in e  as a base, w ith 
an a rray  of su lfo n y l c h lo rid e  and DsO and DOR as su b s tra te s , the  
products were alm ost ex c lu siv e ly  m onodeuterated. In the absence of 
base, the  e s te r i f ic a t io n  re a c tio n  proceeded much slower w ithout deu­
terium  exchange.
In the absence o f trapp ing  agen ts, in  s i tu  generated su lfenes 
give a v a r ie ty  o f products depending on s u b s tra te s ,  rea c tio n  cond itions 
and so lv e n ts . Opitz and co-workers2 4 ’2 5 ’28 ob tained  the  r e la t iv e ly  
s ta b le  trimethylammoniun adduct o f mesyl su lfen e  16 under cond itions 
given in  Scheme 2. Dimeric su lfe n e , the four-membered rin g  17 
rep re sen ts  a minor product in  reac tio n s  o f m ethanesulfonyl 




2 CH3-S0.-C1 + 3Et3N ln  q g a V J ^ r t .  >  4 ,
Scheme 3
s q - c i
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7R. Fusco e t  a l .27 observed th a t  th e  re a c tio n  o f 2-propane su lfo n y l 
c h lo r id e  w ith  tr ie th y la m in e  in  non-po lar so lv e n ts  y ie ld ed  oligom eric  
su lfo n e s . They p o s tu la te d  th a t  th e  oligom ers would a r i s e  from the 
corresponding su lfe n e s  as o u tlin e d  in  Scheme 3- S im ila r r e s u l ts  were 
l a t e r  rep o rted  by G ro sse rt and Bharadwaj.28 In a c e to n i t r i l e  a t  -h0°, 
they ob tained  th e  o lig o m eriza tio n  products derived  from mesyl su lfe n e .
D im erization  o f a su lfe n e  in  a  D ie ls-A lder fash ion  was f i r s t  
observed by Fusco, et_ a l . 2 9 : Benzoylm ethanesulfonyl c h lo rid e  ( l 8) and
tr ie th y la m in e  gave the  su lto n e  20 v ia  the  su lfen e  19 in te rm ed ia tes
A broad in te r e s t  in  su lfen e  chem istry  was generated  by the  pub­
l ic a t io n  o f  S to rk  and Borcwitz3 0 , and by O pitz and Adolph3 1 . In  th e i r  
s tu d ie s  re la te d  to  the  su lfo n a tio n  o f eaamines, th e  form ation o f 
sulfene-enam ine cy c lo ad d itio n  p ro d u c ts , four-membered r in g  amino- 
su lfone  o f the  type 21 , were o b ta in ed . These fin d in g s follow ed 
fu r th e r  s tu d ie s  on c y c lo ad d itio n  re a c tio n s  o f in  s i t u  generated  s u l ­
fenes w ith  e le c tro n - r ic h  o le f in s  such as o th e r  enamines, ketene
as shewn in  Scheme 14-.
Scheme U:




Double c y c lo ad d itio n  between d isu lfe n e  and enamines were rep o rted  
by T. N agai. 34 P aquette  e t  a l . 3 5 *36 observed h ig h ly  s te re o s e le c tiv e  
re a c tio n s  o f b ic y c lic  enamines w ith  su lfe n es  as shown fo r  the  forma­
t io n  of sp iro  (5 -norborene-2 , 2 '- t h i e t a n e ) - l , l - d io x id e  (22 ).
A Qon-concerted mechanism fo r  su lfe n e  c y c lo -a d d itio n  re a c tio n  w ith 
enamines was suggested  by P aque tte  e t  a l . 3S,3S fo r the re a c tio n  of 
l , 3 -b is(d im e th y lam in o )-l-a lk en e  w ith  su lfen es  derived  from methane- 
su lfo n y l c h lo r id e  and phenylm ethanesulfonyl c h lo r id e . O pitz and 
co-workers37 d escribed  th e  re a c t io n  o f  su lfe n es  w ith  ketene-N ,N -aceta ls 
25 which led  d i r e c t ly  to  a m ix ture  o f th ie te n e -S ,S -d io x id e s  2k  and 
2*5 by e lim in a tio n  o f one amino group
22






from che i n i t i a l  cy c lo ad d itio n  product 26 . The c y c lo ad d itio n  of 
ke tene  0 ,N -a c e ta ls  w ith  su lfe n e s  is  a lso  follow ed by spontaneous
e lim in a tio n  o f a lco h o ls  from th e  in te rm ed ia te  28 , lead ing  to  th e  3 ” 
d ia lk y la m in o th ie ta n e - 1 , 1-d io x id e  (2 £ ) .38,39
R A
( p t Q p — G
O C f t
v .
CCH^N-




CCH%\ N ' 'R
29
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From the su lfene  J2 , generated e i th e r  from the su lfo n y l ch lo rid es 
JO or 2JL an<* ketene a c e ta l ,  Truce and co-workers32*40’41 obtained 
m ixtures o f the th ie ta n e -1 , 1-d iox ide  d e riv a tiv e  Jij- and the s ix -  
membered rin g  su lfone  53•
CHa = CH-CHa-SOa-Cl
Vinyl e th e rs  J J  do not re a c t in  e th e r but undergo cycloadd ition  
w ith in  s i tu  generated mesyl su lfenes in  a c e to n i t r i le  to give the 
four-membered r in g  su lfones J 6_ to g e th er w ith sm all q u a n ti t ie s  of 
the  enol e s te r  5 7 .45
CH3 -CH = CH-SQa-Cl
[CHa = CH-CH -  SOa]
22
CHa = C ( 0 E t ) 2
H22. 2k
Ynamines j 8 re a c t s im ila r ly  w ith  su lfenes to  give isom eric 3 - (d i ~  
e th y la m in o ) - th ie t - l ,1-d ioxide (J2. and 4o ) . 43,44,45
i l
CH;—C ^ —wr.
fc-C| / * I 1 I
p,H,-CHl—sqr a fa q, d
1 2  UO
Most re c e n tly , Hiraoko and Kobayashi46 described  the  f i r s t  example 
o f a su c c e ss fu l re a c tio n  o f  su lfe n e  and a S c h if f 's  base kl, to  form 
the  isom eric  1, 2 - th ia z e t id in e - 1,1  -d iox ides ("42^ and (lt-3 )
D ie ls-A lder type re a c tio n s  of conjugated su lfe n e s , in  which th e  s u l ­
fene re p re se n ts  the  d ien e , a re  le s s  common. Some examples a re  the  
e a r l i e r  mentioned d im eriza tio n  o f  su lfen e  (Fusco e t  a l . 2 9 ) , and the  
r e a c tio n  o f a l l y l  su lfe n e  w ith  ketene d ie th y la c e ta ls  (Truce e t  a l . 40’41). 
O pitz and Temple47 dem onstrated th a t  su lfen e  can a c t however as a 
d ien o p h ile  toward 0-am inovinyl ketones (Wf) prov id ing  enol su lto n es  





OplCz and Schweinsberg40 rep o rte d  th a t  butadlenylam ines (U6 ) re a c t  
w ith  su lfe n e  to  g ive 1 , 14-- and 1 ,2 -c y c lo ad d itio n  products (h8 and 
h 7 , re s p e c tiv e ly ) , re a c tio n s  th a t  probably proceed in  a  stepw ise 
manner.
SOi
Sulfenes a lso  undergo 1 ,3 -d ip o la r  c y c lo ad d itio n s  but only w ith  a 
lim ite d  number o f s u b s tr a te s .  R ossi e t  a l . 48 and Truce and co-w orkers50, 
rep o rte d  on the  l ,3 "< lip o la r cy c lo ad d itio n  o f  n itro n e  o r an il-N -ox ide  
(h9) w ith  su lfen e  to  form a seven-membered r in g  azasu ltone  (50).
ii2
r? w SO.
In  s i t u  generated  su lfe n e s , ae riv ed  from prim ary su lfo n y l ch lo rid es  
by th e  dehydrohalogenation method, and d iazoalkanes form ep isu lfo n es 
51 which can be converted  therm ally  to  the  corresponding o le f in s  52 
were rep o rted  by O pitz and F isch er51’52; Rossi and Maiorana49 and 
N e u re ite r53 .
FL-CHt— SO,— CI  »rR — C H = S O j
I CHjAi
R — GH-----V
R —CH—CHt + SO,
The rea c tio n s  o f su lfene  w ith s ta b le  phosphorus y lid es  was des­
c rib ed  by I to  e t  a l . 54. Treatment o f a s ta b le  phosphorus y lid e  
bearing  an ot-hydrogen w ith  m ethanesulfonyl ch lo rid e  in the presence 
o f tr ie th y lam in e  re su lte d  in  a m ixture o f an alkene 52 an<* tl*e 
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Ph^P-CH—s q -c H R R
14
King e t  a l . 55 observed th a t  su lfe n e  generated  from phenylm ethanesulfonyl 
c h lo r id e  re a c te d  w ith  trip h en y lp h o sp h in e  to  g iv e  th e  b e n z y Itr ip h e n y l- 
phosphonium s a l t .
A h ig h ly  s te r e o s p e c i f ic  sy n th e s is  o f  bu tad ien e  d e r iv a tiv e s  by 
re a c tio n  o f s ta b le  sulfoxenium  y lid e s  w ith  su lfe n e  was d e sc rib e d  by 
Ides s  and is  o u tlin e d  in  th e  fo llow ing  3cheme.
• m
A number o f  in te r e s t in g  approaches toward th e  g e n e ra tio n  o f  s u l ­
fenes by therm al and photochem ical rearrangem ent re a c tio n s  have been 
d escrib ed  in  th e  l i t e r a t u r e .  As a  p a r t  o f  th e  c la s s ic  s tu d ie s  o f 
therm al rearrangem ent o f  1 ,5 -d ie n e s , Cope e t  a l . 37 suggested  th a t  
h ea tin g  o f the  a l l y l  v in y l su lfo n e  (£5.) could p o s s ib le  produce the  
su lfe n e  .
55 £
However, p y ro ly s is  o f a t  v a rio u s  tem pera tu res on ly  led  to  decom­
p o s i t io n  and p o ly m eriza tio n  p ro d u c ts . In  19T1, King and Harding53 
dem onstrated  th a t  C ope's o r ig in a l  id ea  had been c o r r e c t .  I t  was 
e v id en t from th e  more re c e n t work th a t  C ope's f a i lu r e  to  o b ta in  de­
f i n i t e  rearrangem ent p roducts  was due to  th e  u n fa m ll la r i ty  w ith  the  
e a r l i e r  su lfe n e  l i t e r a t u r e  th a t  su lfe n e s  were unable  to  be i s o la te d .  
Mulder59 re p o rte d  an example o f  su lfe n e  g e n e ra tio n  by a re a c t io n  ana­
logous to  the  W olff rearrangem ent. I r r a d ia t io n  o f  a -d ia z o su lfo n e  %£ 
in  m ethanol gave low y ie ld s  o f  m ethyl su lfo n a te  60. The form ation o f 
60 was p o s tu la te d  to  proceed v ia  th e  su lfe n e  3 9 , which re p re se n ts  
th e  rearrangem ent p roduct o f  th e  carbene £8 .
R ecen tly , R. L angendrides30 d e sc rib e d  th e  i r r a d i a t i o n  o f  3 * 
th ie ta n o n e -1 , 1-d io x id e  (6 l )  in  a c e to n i t r i l e  o r in  a 9:1  m ix tu re  o f 
a c e to n itr l le /m e th a n o l  in  tn e  p resence  o f d ipheny l m ethanol. The 
i n i t i a l l y  formed su lfe n e , re a c te d  w ith  d ipheny l m ethanol to  f i r s t  g ive  
i t s  m esy la te  62 from which th e  e th e r  was d e riv ed  




King and deMayo31*32 d e sc rib ed  th e  g e n e ra tio n  o f  su lfe n e  by f la sh  
therm o lysis  o f c h lo ro s u lfo n y la c e tic  a c id  a t  650°C to  g ive  SQg-CHs, 
which w ith  m ethanol on a co ld  f in g e r  was converted  to  the  s ta b le  
m ethyl s u lfo n a te . King and ccworkers re p o rte d  th e  IR spectrum  o f  f re e  
su lfe n e  which had been ob ta in ed  a t  -196°C by f la s h  therm o lysis  o f 
CISO2 -CHa-COOH and CH3 -SO2 -OSO2 "CH3 . The i r  spectrum  showed bands 
a t  3170 , 30^ 0 , 1330* 1230, and 950 cm"1 ; the  f i r s t  two bands were 
assigned  to  the  su lfe n e  CH2 group and th e  second two a b so rp tio n s  
appeared to  be due to  th e  S0& group in  su lfe n e . On warming, th ese  
bands d isap p ea red . When m ethanol was d e p o site d  along w ith  th e  t h e r ­
m olysate , the  In f ra re d  spectrum  showed th e  c h a r a c te r i s t i c  su lfo n a te  
bands a t  1330 and 1230 cm"1, the  rem ainder being obscured by the  
m ethanol a b so rp tio n s .
I t  had been p o s tu la te d  th a t  su lfe n e  has a  f u l l  C-S double bond
and p a r t i a l  S-0 double bonds33 . In  th e  d lm e riz a tio n  o f s u lfe n e s , a
tw o-step  pathway I n i t i a t e d  by th e  a t ta c k  o f  carbon a t  s u l f u r  i s  
suggested . P e r tu b a tio n  m olecu lar o r b i t a l  (MO) theo ry  p o s tu la te s  th a t  
th e  TT-frontier o r b i t a l s  a re  d i r e c t in g  th e  e a r ly  s ta g e s  o f  com bination. 
A ccordingly , th e  h ig h e s t occupied m olecu la r o r b i ta l  (HCMO) o f  one 
addend w i l l  engage th e  low est unoccupied m olecu lar o r b i ta l  (LUMO) of 
th e  o th e r . The bond o rd ers  and t o t a l  charges d e n s i t ie s  were c a l ­
c u la te d  by Boyd64 and a re  shewn in  F igure  1.
- 0.62
Figure 1:
s  +1 .2
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The HCMO's and LUMO's o f  su lfe n e , ob ta in ed  by ab in i t o  c a lc u la t io n s  
by Houk e t. a l . 35, a re  summerized in  F igu re  2. The c a lc u la t io n s  do 
no t in c lu d e  d o r b i ta l s  a t  s u l fu r .









Houk66, u sing  an ab i n i t o  techn ique  to  op tim ize  th e  geometry o f  s u l ­
fene ob ta in ed  th e  fo llow ing  d a ta  (F igu re  3 ) .
F igure  3:
C ontrary  to  th e  g e n e ra lly  accep ted  h y p o th es is  th a t  e le c tro n  
w ithdraw ing s u b s t i tu e n ts  a t  a su lfe n e  carbon s t a b i l i z e  the  su lfe n e , 
sem iem pirica l MO c a lc u la t io n s ,  ob ta ined  by Snyder63, suggested  th a t  
su lfe n es  should be s t a b i l i z e d  by e le c tro n -d o n a tin g  s u b s t i tu e n ts .  As 
e lec tro n -w ith d raw in g  s u b s t i tu e n ts  a re  rep laced  su c c e ss iv e ly  by more 
e le c tro n -d o n a tin g  ones, the  p o s i t iv e  charge on s u l f u r  i s  d im inished
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w h ile  th a t  a t  carbon undergoes a r e v e r s a l  from n eg a tiv e  to  p o s i t iv e .
I t  was p re d ic te d  th a t  e le c t r o n - r ic h  s u b s t i tu e n ts  reduce th e  e le c t r o -  
p h i l i c i t y  o f s u l f u r  and e lim in a te  th e  n u c le o p h il ic i ty  o f th e  su lfe n e  
carbon. Indeed th e  h ig h ly  s ta b le  d ia m in o th io u re a -S ,S ' -d io x id e  (6^ ) 
can  e a s i ly  be p repared  by o x id a tio n  o f  th io u re a 67 . However, O p itz 's  
d e f in i t io n  o f  a su lfe n e  re q u ire s  th e  p resence  o f  hydrogen, a lk y l  c -  
a r y l  groups on the  carbon a tta c h e d  to  s u l f u r .  T h e re fo re , the  th io u re a  
d e r iv a t iv e  does n o t re p re s e n t  a  su lfe n e , bu t the  d a ta  s t i l l  demon­
s t r a t e  which fa c to r s  c o n tr ib u te  to  su lfe n e  s t a b i l i z a t i o n .
Using CNDO/2 c a lc u la t io n s ,  Houk e t  a l . 65 s ta te d  th a t  in  cy c lo - 
a d d lt io n  r e a c t io n s ,  su lfe n e s  resem ble Iso cy an a tes  more than  they  
resem ble k e te n e s . For in s ta n c e , they  should  be le s s  prone to  undergo 
concerted  r e a c t io n s .  The low est vacan t o r b i t a l  o f su lfe n e  i s  a TT 
o r b i t a l  h e a v ily  lo c a liz e d  a t  th e  s u l f u r  atom. From the  d a ta , 
th e  au th o rs  concluded th a t  su lfe n e  should  no t undergo concerted  
c y c lo a d d itio n  re a c t io n s  w ith  a lk e n es . However, s u f f i c i e n t ly  nucleo- 
p h i l i c  a lkenes may add to  su lfe n e  in  a s tep w ise  r e a c t io n , w hereas, 
e le c t r o n - r ic h  d ienes could  r e a c t  i n  a  co n ce rted  £2+ + 2 ] fa sh io n . The 
c a lc u la t io n s  a lso  p re d ic te d  th a t  e le c tro n  d e f ic ie n t  d ienes could 
p o ss ib ly  add c o n c e rte d ly , i f  th e  cumulene HCMO-LUMO in te r a c t io n  
became s u f f i c i e n t l y  g re a t .
6 h
A. ON THE MECHANISM OF SULFENE FORMATION
Although In th e  r e a c t io n  o f a l ip h a t i c  su lfo n y l c h lo r id e s  and 
t e r t i a r y  amines th e  in te rm ed iacy  o f  su lfe n e s  i s  now w e ll e s ta b l is h e d , 
the  d e ta i le d  mechanism fo r  th e  fo rm ation  o f  th ese  r e a c t iv e  i n t e r ­
m ediates i s  s t i l l  i n  q u e s tio n . Mechanisms rang ing  from m u ltis te p  
p ro cesses  w ith  i n i t i a l  fo rm ation  o f  su lfo n y l ch lo ride-am ine  
c h a rg e - tr a n s fe r  complexes, to  th e  co n ce rte d , E2-type su lfe n e  forma­
tio n  have been suggested  by d i f f e r e n t  a u th o rs .2
The f i r s t  s te p  in  th e  g e n e ra tio n  o f  su lfe n e  from m ethanesu lfonyl 
c h lo r id e  and t e r t i a r y  amines could  p o s s ib ly  proceed v ia  th e  i n t e r ­
m ediates 6£  , 66 o r  6l
+ +
CHg—SQg —Cl CH3 —SQg—NRg Cl
65 66
CH3 -SO2 -  NR3 
Cl
67
Fusco eit a l .29 and King and D u rs t19 p o s tu la te d  the  i n i t i a l  a b s t r a c t io n  
o f  a p ro to n  from th e  oe~carbon o f  th e  su lfo n y l c h lo r id e  to  g ive  i n t e r ­
m ediate  65. 1 from which by th e  subsequent lo s s  o f th e  c h lo r id e  ion 
th e  su lfe n e  would be formed. O pita  and F isc h e r68' 09 observed th a t  
m ethanesu lfonyl c h lo r id e  and tr im e th ylaming in  e th e r  formed a p re -  
c ip a ta te  which shewed no NH-anmonium bands in  the  1R spectrum . Upon 
trea tm en t o f  th e  aduct w ith  d ry  DC1, th e  nondeu tera ted  su lfo n y l 
c h lo r id e  was reg e n e ra ted . This in d ic a te d  th a t  in  th e  aduct no p ro ton  
had been a b s tra c te d  from th e  su lfo n y l c h lo r id e , which was used as an
19
20
argument to exclude Fusco 's s t ru c tu re  6£ • With a n i l in e ,  the  O pitz- 
F isch e r-ad u c t gave th e  sulfonam ide, and w ith  enamines the  ap p ro p ria te  
cy c lo ad d itio n  products were formed. In  c o n tra s t ,  when m ethanesul­
fonyl c h lo rid e  and tr ie th y la m in e  were reac ted  under analogous con­
d i t io n s ,  a p r e c ip i ta te  was ob tained  which contained  ammonium ions 
and had lo s t  the  a b i l i ty  to  re a c t w ith  amines and enamines. 68*69 
The form ation and re a c tio n s  o f  the  m ethanesulfonyl c h lo r id e -  
trim ethylam ine aduct suggest th a t  the  H C1-elim ination w ith t r i a lk y l -  
amines from o th er su lfo n y l c h lo rid e s  a lso  proceeds v ia  la b i le  i n t e r ­
m ediates o f type 66 and /o r . The g en era tio n  o f su lfen es  was 
th e re fo re  form ulated by O pitz2 and F isch e r68 as o u tlin e d  in  the  
follow ing scheme:
0
SQg-CI R t N „ ft,A/— »SQ,— C! R ,N — S 0 , Cl~
i /4  —  i /4   ’ U
67 66
*//j-ft,N-Ha
RJV— SO , 
SOt  «---------- |
CA
69 68 
The form ation of 66 and /o r 6£ seems to  be necessary  to in c rease  
the a c id i ty  o f  the methyl hydrogens. For In s tan ce , when m ethanesul­
fonyl c h lo rid e  was reac ted  w ith  methylmagnesium io d id e  in  e th e r , 
p r a c t ic a l ly  no methane evolved, whereas the  trim ethylam ine aduct p ro ­
duced methane when tre a te d  w ith  the  Grignard re a g e n t . 68 The re a c tio n
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o f  phenylm ethanesulfonyl h a lid e s  w ith  th e  s tro n g e r  base phenyl lith iu m  
re s u l te d  in  mono-, d i -  and t r i s u l f o n e s  th e  form ation  o f  which does not 
n e c e s s a r ily  re q u ire  su lfe n e  in te rm e d ia te s  bu t could  more l ik e ly  in ­
volve c a rb an io n ic  s u lfo n e s .70
In  a k in e t ic  s tu d y  o f  the  re a c t io n  o f  m ethanesu lfony l c h lo r id e  
and tr le th y la m in e  in  th e  p resence  o f a n i l in e  as a su lfe n e  t r a p ,  King 
and Lee71 p rovided  evidence th a t  the  re a c t io n  i s  f i r s t  o rd e r  in  bo th  
the  su lfo n y l c h lo r id e  and tr le th y la m in e . From th ese  d a ta  i t  was con­
cluded th a t  th e  g e n e ra tio n  o f  su lfe n e  must invo lve  an E 2-type mech­
anism.
L a te r , King and Lee72 again  ap p lied  k in e t ic  m ethods, u sing  a x ia l  
and e q u a to r ia l  r a t e  r a t i o s ,  in  th e  study  o f  su lfe n e  fo rm ation . The 
a x ia l  su lfo n y l c h lo r id e  72, was found to  r e a c t  71 tim es f a s t e r  than  
the  e q u a to r ia l  epim er 71 w ith  tr le th y la m in e  in  th e  p resence  o f  
a n i l in e  a t  -25°C, a  re a c tio n  which was known to  proceed v ia  th e  s u l ­
fene in te rm e d ia te  J2  , 71
s a - c i
3 7 T *
SQ—N -Ph  
H H H
JU (minor) (major)
In  th e  p resence  of w a ter a t  50°C w ithou t added base, th e  su lfo n y l 
c h lo r id e  71 re a c te d  lk  tim es f a s t e r  than  th e  Isomer 72  > to  p ro ­
duce the  a x ia l  and e q u a to r ia l  s u lfo n ic  a c id s  75. 76 , re sp ec -
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From th e  r a t e  d a ta , King and coworkers again  concluded th a t  c'ne form­
a t io n  o f  su lfe n e  J2  from JO and Jl_ by th e  a c t io n  o f  t r i e t h y l - 
amine must proceed v ia  th e  E2 mechanism on th e  b a s is  o f  the  fo llow ing 
argum ents:
E lim in a tio n  s tu d ie s  w ith  4 - c i a - and U- t r a n s - t-b u ty lcy c lo h cx an e  
d e r iv a tiv e s  had shewn th a t  th e  a x ia l  epim ers r e a c t  d i s t i n c t ly  f a s te r  
than  th e  e q u a to r ia l  epim er. 73 For in s ta n c e , phenyl c i s -U - t-b u ty l- 
cyclohexanem ethyl su lfo x id e  (T7) therm olyres about 6 tim es f a s t e r  
th an  i t s  tra n s  ( e q u a to r ia l)  epim er (T8 ) to  g ive  1 -t-b u ty l-U -m eth y len e- 
cyclohexane (T9 ) .
A lso, c i s - k - t-bu ty lcyc lohexanem ethy l bromide (80) undergoes e lim ina  







times f a s te r  than i t s  tran s  ( e q u a to r ia l ) epimer (8 l ).
The r a te  d if fe re n c e s  here  shoved the  same tren d  as th e  ones ob­
served fo r the  re a c tio n s  o f th e  su lfo n y l ch lo rid es  in  vhich  the  
a x ia l su lfo n y l c h lo rid e  JO underwent b im olecu lar e lim in a tio n  w ith  
a d i s t in c t ly  f a s te r  r a te  than i t s  e q u a to r ia l epimer J1  . In  con­
t r a s t ,  th e  h y d ro ly sis  o f the  a x ia l  su lfo n y l c h lo rid e  JO and the  
e q u a to r ia l  epimer J1 to  the corresponding  su lfo n ic  ac id  J ^  and 
j 6 by d i r e c t  a tta c k  o f HgO a t  th e  su lfo n y l c h lo r id e , in  th e  ab­
sence o f b ase , the  r a te s  were reversed . Here, th e  e q u a to r ia l  s u l ­
fonyl c h lo rid e  reac ted  f a s te r  than  i t s  a x ia l  epimer JO . On the  
b a s is  o f th ese  d a ta , King e t  a l .  concluded th a t ,  i n i t i a l  a tta c k  o f 
the  t e r t i a r y  amine a t  th e  su lfo n y l c h lo rid e  group to g ive  i n t e r ­
m ediates o f type 66 could be excluded sin ce  th e  observed r a te  d a ta  
fo r  the  conversion  o f JO and Jl^ to form J2  were not in  ag ree ­
ment w ith th e  h y d ro ly sis  re a c tio n s  o f the  su lfo n y l c h lo rid es  JO 
and J1 but showed s im ila r  trends in  th e  ra te  r a t io s  as the  model 
e lim in a tio n  processes invo lv ing  th e  su lfo x id es JJ_ and j 8 . On
the b asis  o f  the r a te  d a ta , King and coworkers concluded th a t  dehydro- 
ha logenation  o f su lfo n y l c h lo rid es  w ith  t e r t i a r y  amines were to
2 k
proceed v ia  an E2 mechanism.
In  1972, King and coworkers74 rep o rted  the re a c tio n  o f  methane- 
su lfo n y l ch lo rid e  in  1, 2 -dim ethoxyethane con ta in ing  DaO ( 15$) w ith  
1 ,^ -d iazab icy c lo  [2 ,2 ,2 ]o c tan e  (DABCO). The re a c tio n  provided the 
CD3SO3 s a l t  as the major p roduct, w ith  d im in ish ing  amounts o f  CHTaSO^", 
CH2DSQ3 and CH3SQ3 . In  a s e r ie s  o f  experim ents, King and coworkers 
observed th a t  monoexchange occurs w ith  r e l a t iv e ly  bulky amines (NEt3 ) 
and m ultiexchange in c reases  as th e  non-bonding re p u ls io n  in  th e  v ic in i ty  
o f the n itro g e n  decreases (NMe3 ; l ,4 -d ia z a b ic y c lo [2 ,2 ,2 ]o c ta n e ) .
The above d a ta  c le a r ly  dem onstrate th e  in flu e n ce  of t e r t i a r y  amines on 
the  s t a b i l i z a t io n  of the  su lfen e  in te rm e d ia te s .
I t  became obvious th a t  in  the  g en era tio n  o f  su lfen es w ith  bases o th e r  
than tr ia lk y la m in e s  should be considered  in  o rder to study the behavior 
o f  n o n s ta b iliz e d  su lfe n e s . i f  the form ation o f su lfen e  follow ed the  
E2 path  w ithou t p rev ious n u c le o p h ilic  a tta c k  o f the  
tr ia lk y lam in e  a t  the su lfo n y l group to  form the  more a c id ic  su lfo n - 
ammonium in te rm ed ia te  , then  any o th e r  base o f equal o r h igher 
s tre n g th  could rep lace  the  tr ia lk y la m in e . Bases should be chosen which 
f u l f i l l  the  fo llow ing requ irem ents: (a) s im ila r  or g re a te r  base-
s tre n g th  than tr le th y la m in e , (b) low n u c le o p h il ic i ty  and (c ) as l i t t l e  
as p o ss ib le  s ta b i l iz in g  c o n tr ib u tio n  to  th e  su lfe n e  in te rm ed ia te  v ia  
l a b i le  in te rm ed ia tes  o f type 66 and /o r 6£ . For the  planned e x p e ri­
ments, m etal hydrides such as sodium o r lith iu m  hydride were th e re fo re  
considered  as replacem ents fo r the  tr ia lk y la m in e s  in  the  su lfe n e  gene­
ra t io n . This approach appeared p a r t ic u la r ly  a t t r a c t iv e  s in ce  o th e r  
au thors had su c c e ss fu lly  rep laced  amines by sodium hydride in  s im ila r  
e lim in a tio n  re a c tio n s .
For in s ta n c e , A tkins and Burgess75 rep o rte d  th a t  the  in n er s a l t
o f  e th y l  N -su lfony lcarbam ate  (84) i s  formed in  th e  r e a c t io n  o f c a r -  
bethoxysulfam oyl c h lo r id e  (82.) w ith  2 e q u iv a le n t o f  tr le th y la m in e  in  
benzene a t  30°Ct which i s  trapped  by a n i l in e  to  g ive  the  N -carbethoxy- 
N -phenylsulfam ide (85 ).
The re a c t io n  o f  carbm ethoxysulfam oyl c h lo r id e  (86 ) w ith  sodium hydride  
a t  -78°C in  te tra h y d ro fu ra n  a ffo rd s  the  s a l t  87 which ra p id ly  
decomposes under form ation  o f  sodium c h lo r id e  and the  so lv e n t complex 
o f  m ethyl N -su lfo n y lu re th an e  (8 8 )7 e . This sp ec ie s  88 dem onstrates 
a  h igh  degree  o f  e le c t r o p h i l i c  r e a c t iv i ty  in  c y c lo a d d itlo n s  w ith  a lk en es .
The form ation  o f  N -su lfonylcarbam ate  from re a c t io n  o f  carbethoxy- 
sulfam oyl c h lo r id e  and tr le th y la m in e  was p o s tu la te d  to  proceed v ia  
the  E2 mechanism. This was supported  by th e  f a c t  th a t  th e  re a c tio n  
o f  th e  carbom ethoxysulfam oyl c h lo r id e  w ith  sodium hydride  in  the  same 




form ation from su lfo n y l c h lo rid e  and tr ie th y la ra in e  were an E2 process 
i t  should a ls o  be accomplished by re a c tio n  o f su lfo n y l c h lo r id e  w ith  
any base o f  h ig h er b a s ic i ty  than tr ie th y la m in e .
Metal hydrides re p re se n t stro n g  b ases , bu t u n lik e  tr ia lk y la m in e s  
show lew n u c le o p h il ic i ty .  With a l ip h a t ic  su lfo n y l c h lo rid e s , the 
hydride ion can a c t as a base by a b s tra c tin g  a pro ton  a  to  the 
su lfo n y l group but can no t s t a b i l i z e  the  su lfo n y l group by the 
form ation o f  an in te rm ed ia te  s im ila r  to  complex 66 nor to  a charge 
t r a n s fe r  complex 6j_. T herefo re , experim ents as o u tlin e d  in  
Figure ^ were undertaken
Figure U:
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A number o f  su lfo n y l c h lo rid e s  were reac ted  w ith  sodium hydride 
in  various so lv e n ts  under re f lu x  c o n d itio n s . M ethanesulfonyl ch lo rid e  
and sodium hydride in  re f lu x in g  THF or p-dioxane showed no ev o lu tio n  
o f hydrogen in d ic a tin g  th a t  no su lfen e  was generated  under those 
co n d itio n s . In  both c ase s , the  su lfo n y l c h lo rid e  was rearranged . 
Experiments were then attem pted w ith  more a c id i ic  Qf-hydrogens on 
su lfo n y l c h lo r id e ; such as , phenylm ethanesulfonyl c h lo rid e  and 
propensu lfonyl c h lo rid e  were chosen as s u b s tra te s .  Again, under 
the  above cond itions th e  two su lfo n y l c h lo rid es  f a i le d  to re a c t  w ith  
sodium hydride and th e  s t a r t in g  components were recovered .
F in a lly , a su lfo n y l c h lo r id e  co n ta in in g  the  s tro n g ly  e le c tro n  
withdrawing tr if lu o ro m e th y l group was chosen. In  t r if lu o ro e th a n e -  
su lfo n y l c h lo r id e , the  a-hydrogens were expected to  be considerab ly  
more a c id ic  than in  the  p rev io u sly  used su lfo n y l c h lo r id e s . When the 
t r i f lu o r o  compound was su b jec ted  to  re a c tio n  w ith  sodium hydride in  
re f lu x in g  p-d ioxane, again  no e v o lu tio n  o f  hydrogen was n o ticed . In  
o rder to  in c rease  the  hydride co n cen tra tio n  in  the  o rgan ic  so lv e n ts , 
the more so lu b le  lith iu m  hydride  was chosen as a base . Again, r e ­
a c tio n s  o f the  v arious su lfo n y l c h lo rid es  w ith  LiH were w ithout 
success . The attem pted re a c tio n s  o f  su lfo n y l c h lo r id e s  w ith  m etal 
hydride a re  summarized in  Table 1 (Expts 1-7)*
Another s tro n g  base w ith  low n u c le o p h il ic i ty  i s  the  anion derived  
from d im ethy lsu lfox ide  (Corey base)7 7 ’7 8 . T his base , which i s  con­
v en ien tly  generated  from d im ethy lsu lfox ide  (DMSO) end sodium hydride, 
shows considerab ly  h ig h e r b a s ic i ty  than  tr ia lk y la m in e s . However, 
m ethanesulfonyl ch lo rid e  r e s i s te d  re a c tio n  w ith  Corey base in  b o ilin g  
THF (Table 1, Expt. 8 ) . These experim ents c le a r ly  in d ic a te  th a t
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TABLE 1
Sulfonyl ch lo rid e Base Solvent C onditions
CH3 -SO2 -Cl NaH THF Reflux
CsHg -CHa -SO2 -Cl NaH THF Reflux
CH3 -S02-C1 NaH p-dloxane Reflux
CHa-CH-CIfe-SQs-Cl NaH p-dioxane Reflux
CF3 -CH2 -SQa-Cl NaH p-dioxane Reflux
C6H5 -CHa -SO2 -Cl LiH E ther Reflux
CF3 -CHg -SQ2 -CI LiH E ther Reflux
CH3 -SQ2 -CI Na:CHe-S-CH3 THF Refluxtl
the  bases s tro n g e r than tr ia lk y la m in e s  f a i l  to  a b s tra c t  a hydrogen 
from the g-carbon o f a su lfo n y l c h lo r id e . I f  su lfen e  form ation 
were to  proceed v ia  the E2 mechanism o u tlin e d  in  Figure k ,  a t  
l e a s t  the  carbanion  85) should have been formed in  th e  re a c tio n  o f 
the su lfo n y l c h lo rid e  w ith  sodium hyd ride , lith iu m  hydride o r the  
Corey base. I t  th e re fo re  appears th a t ,  in  s p i te  o f K ing 's k in e t ic  
ev idence, the  E2 mechanism i s  le s s  l ik e ly  and the  tr ia lk y la m in e s  
p lay  a more complex ro le  in  th e  su lfe n e  form ation. I t  could be pos­
s ib le  th a t ,  th e  p rev io u sly  d iscussed  p s e u d o -f ir s t  o rder d a ta  obtained  
by King and coworkers were in  e r ro r .  The sim ple fa c t th a t  in  K ing 's 
r a te  s tu d ie s t the  r a te  o f form ation o f c h lo rid e  ion depends on 
the  co n cen tra tio n  o f th e  trap p in g  agent ( a n i l in e )  should be enough 
reason to  ev a lu a te  these  k in e t ic  d a ta  w ith  g re a te r  cau tion .
In  th e  genera l fo r the  re a c tio n :
H
R3N + R'R"C - SQ2CI -------->  [R'R"C = SQ2 ] + R3N Cl"
■ ®
the  re a c tio n  r a te  can be expressed as o u tlin e d  in  Eq. (1)
Rate = k[R ’R"CH - Stfe - C1]X [KgN] 7 eq. ( l )
In  a sim ple k in e t ic  study  to  determ ine the  o rder in  t r i a l k y l ­
amine, the  co n cen tra tio n  o f su lfo n y l ch lo rid e  and the  trapp ing  agent 
should be kep t co n stan t and the  r a t e  dependence on th e  tr ia lk y lam in e  
co n cen tra tio n  should be measured. E xperim entally , i t  i s  expected 
th a t  a re a c tio n  f i r s t  o rder in  tr ia lk y la m in e  would show a doubling o f 
the  re a c tio n  r a te  i f  the  co n cen tra tio n  o f tr ia lk y la m in e  were 
doubled. A fo u rfo ld  r a te  in c rease  would be observed i f  the  re a c tio n  
were second o rd e r in  tr ia lk y la m in e . We attem pted to  o b ta in  k in e t ic
d a ta  fo r  the  re a c t io n  o f  phenylm ethanesulfonyl c h lo r id e  w ith  t r i e t h y l - 
amine in  th e  p resence  o f  p - to lu e n e su lfo n y l c h lo r id e  as trap p in g  a g e n t ,79 
by m easuring th e  d isappearance  o f  th e  m ethyl s ig n a l  o f the  su lfo n y l 
c h lo r id e  by nmr sp ec tro seo p y  as a fu n c tio n  o f  tim e. The e x p e r i­
m ental r e s u l t s  a re  shewn in  T ables 2a and 2b.
The d a ta  in  Table 2a and 2b c le a r ly  In d ic a te  th a t  by m easuring 
th e  r a t e  o f  su lfo n y l c h lo r id e  consum ption, th e  re a c tio n  r a te  i s  not 
f i r s t  o rd e r  in  t r ia lk y la m in e . In  f a c t ,  th e  d a ta  a re  in  reaso n ab le  
agreem ent w ith  a re a c t io n  which i s  second o rd e r  in  tr ia lk y la m in e . More 
experim en ta l f a c ts  and more a c c u ra te  measurements would c e r ta in ly  be 
n ecessa ry  to  o b ta in  r e l i a b l e  r e s u l t s .  A lso , a w ider range o f  t r i -  
a lky lam ine c o n c e n tra tio n s  should  be chosen. Experiments o f  th is  type 
a re  p re s e n t ly  in  p ro g re s s .
C onsidering  a l l  the  p re v io u s ly  d isc u sse d  experim en tal f a c ts  [ ( a )  
i s o la t io n  o f  a  complex o f  type , (b) d if fe re n c e  in  a c id i ty  be­
tween m ethanesu lfony l c h lo r id e  and i t s  trim ethy lam ine  complex toward 
CHaMgBr and (c )  f a i l u r e  to  a b s t r a c t  arhydrogens from su lfo n y l c h lo r id e s  
w ith  m eta l h y d rid es and Corey b a se j th e  s te p s  o u tlin e d  in  Scheme 
5 appear to  be a  rea so n ab le  a l t e r n a t iv e  ro u te  fo r  th e  form ation  o f 
s u lfe n e .
Scheme 5 :
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TABLE 2a (su lfo n y l c h lo r id e /tr ie th y la m in e /tra p p in g  agen t = 1 :2 :5 ) 
o r ig in a l  c o n cen tra tio n  o f su lfo n y l ch lo rid e  i s  2 .0  x 10-%
Time a f t e r  add. Cone, o f su lfo n y l








TABLE 2b (su lfo n y l c h lo r id e /tr ie th y la m in e /tra p p in g  agent = 1 :1 :5 ) 
o r ig in a l  co n cen tra tio n  o f su lfo n y l c h lo rid e  is  2 .0  x 10"%
Time a f t e r  add. Cone, o f su lfo n y l
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The i n i t i a l  a t ta c k  o f th e  tr ia lk y la m in e  a t  th e  su lfo n y l c h lo rid e  pos­
s ib ly  re p re se n ts  a f a s t  s tep  lead ing  v ia  the  c h a rg e - tra n s fe r  complex 
90 to  the  ammonium su lfone  2i  • This i s  follow ed by a slow s tep  
involv ing  the a b s tra c tio n  o f a proton from the ^ -carbon , e i th e r  in  a 
d i r e c t  E2 fash ion  p rov id ing  th e  su lfen e  22. o r v ia  the  z w itte r io n  22, 
which is  in  eq u ilib riu m  w ith  22.* Sulfene s ta b i l iz in g  su b s ti tu e n ts  (R 
R ') should favor th e  d i r e c t  form ation o f su lfen e  (path  i )  whereas the  
p resence o f d e s ta b i l iz in g ,  e le c tro n  w ithdrawing s u b s ti tu e n ts  would 
p r e f e r e n t ia l ly  lead  to  the  form ation o f th e  z w itte r io n  2£: ■
and
B. GENERATION OF NON^STABILIZED SULFENES VIA BICYCLIC SULFONES
— rsrsfw — ™— —  —  ■■■■
In rec en t y ears , a number o f approaches toward th e  g en era tio n  of 
n o n -s ta b iliz e d  su lfe n es  have been a ttem pted . One p o ss ib le  ro u te  was 
rep o rted  by King e t  a l . 31,62  apply ing  f la sh  therm olysis o f ch lo ro - 
su lfo n y l a c e tic  ac id  a t  650°C. Other pathways toward n o n -s ta b iliz e d
Cl-S02-CHa-C0sH ~ft59°c > [CHa » SOfe]
su lfe n e s , invo lv ing  r e t r o  D ie ls  re a c tio n s , were a lso  considered . The 
s im p lest re a c tio n  lead ing  to  a su lfen e  by a  r e t ro  D ie ls-A lder re a c tio n  
would be the therm al conversion  o f  3 ,4 -d ih y d ro th io p y ran -1 , 1-d iox ide  
(94) to  p rov ide bu tad iene  and s u lfe n e .80
+ CHf=-S02
94 95 69
An approxim ate thermochemical e stim ate  in d ic a te d  th a t  the  re a c tio n  
should be endotherm ic by 40-50 kcal/m ol. i f  a m olecule were so con­
s t i tu t e d  th a t  th e  d iene  i s  p a r t  o f an in c ip ie n t  arom atic rin g  system, 
i t  could be expected to  r e a c t  more re a d ily . Using e s s e n t ia l ly  the
q i
method o f  Benson e t  a l ,  one would expect the  fragm entation  o f b i-  
cy c lo [2 ,2 ,2 3 o c tad ien e  (96) in to  benzene and e thy lene  to  be ^H° a  +1 
kcal/m o l o r le s s ,  whereas a value o f  -t^9*T Kcal/mol was estim ated
t g y — „ ( d )  C H ^— C ti2
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fo r  the  conversion  o f cyclohexene in to  bu tad iene  and e th y len e . In 
a d d it io n , as has been po in ted  ou t by Kwart and King82, such a frag -
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m entation  process would be expected to  be accompanied by an in c rease  
in  en tropy  and hence be favored by an in c rease  in  tem pera tu re .
The s im p les t b ic y c lic  su lfo n e  th a t  would give su lfe n e  and an 
arom atic  co-product i s  2 - th ia b ic y c lo [2 ,2 ,2 ]o c ta -5 ,7 -  
d iene (100). Our a ttem p t to  o b ta in  compound 100 from the cy c lo - 
a d d itio n  o f & - th io p y ra n - l ,1-d iox ide  (2 T) 83 w ith  vinyltrim ethylanm onium  
bromide (^8 ) follow ed by e lim in a tio n  o f  trimethylammonium hydrobromide 
proved u n su ccessfu l. We th e re fo re  explored  th e  form ation
o f  b ic y c lic  su lfones o f  type 102 using  o th e r  d ien o p h ile s . Indeed 
h e a tin g  o f a - th io p y ra n -1 , 1-d io x id e  (97 ) w ith  d irae thy lace ty lene  d i-  
ca rb o x y la te  ( 101) provided dim ethyl 2 , 2 -d io x id o -2 - th ia b ic y c lo £ 2 ,2 ,2 ] 
o c ta -5 ,7 -d ie n e -5 ,6 -d ic a rb o x y la te  ( 102) in  good y ie ld .  This compound 
was expected to  genera te  su lfe n e  and d im e th y lp h th a la te  ( 105) as the  
only by-product when su b jec ted  to  th erm o ly sis .
98 99 100
£  s C Q f H ,
Cp  +  C o p * — *
COzCHi
35
While our work was in  p ro g ress , King and Lewars84 rep o rted  on the 
therm olysis o f  10k, the  k-phenyl d e r iv a tiv e  of 102.
The experiment provided dim ethyl b ip h en y l-2 ,3 -d ic a rb o x y la te  ( 105) 
and su lfe n e , which was trapped w ith  1-N-morpholinecyclohexene (107) to 
g ive the  aminosulfone 106.
Thermolysis o f 10k alone a lso  gave high y ie ld s  o f  dim ethyl b ipheny l- 
2,3  -d ica rb o x y la te  ( 105) and s u lfu r  d io x id e ; the  f a te  o f the  m issing  
methylene group being u n c le a r. The au tho rs d iscussed  as a p o ss ib le  
ro u te  i n i t i a l  form ation o f  su lfen e  and subsequent re a c tio n s  lead ing  
to  s u lfu r  d iox ide  and u n id e n tif ie d  m ethylene fragm ents. However, our 
r e s u l t s 85 on the therm olysis o f  th e  b ic y c lic  su lfo n e  102 in d ic a te  
th a t  compound 10k p o ss ib ly  underwent a s u l fu r  d iox ide  e x tru s io n -  
rearrangem ent re a c tio n  as shown in  Scheme 6.
As o u tlin e d  b efo re , h e a tin g  o f  a r th iopy x an -1 ,1 -d io x id e  (97) w ith  
dim ethyl ace ty len ed ica rb o x y la te  (101) a t  100°C fo r 60 h r s .  gave good 
y ie ld s  of su lfo n e  102 . Therm olysis o f  102 a t  230°C fo r  10 m inutes 
in  the  presence o f  1-N-morpholinocyclohexene (107) provided le s s  than 
5$ o f the amino su lfone  106 e 5 ’2 . When 102 was therm olysed w ith  
and w ithout a su lfen e  tra p , th in - la y e r  chromatography ( t i c )  runs i n ­





































taken  from the  gas phase of the  therm olysis tube showed by gas 
chrom atographic - mass s p e c tra l  (GC-M3) an a ly s is  (8 ' porapak-S column) 
only one component w ith  major peaks a t  m/e 60 , 64, 48, and 38 . The 
mass spectrum was id e n t ic a l  w ith  th a t  o f s u lfu r  d io x id e .36 The G .C.- 
M.S. a n a ly s is  o f the  crude o i l  ob tained  from th e  therm olysis o f 102 
gave on the  GC-trace one w e ll-re so lv ed  peak followed by a minor and 
a major broadened peak. The mass spectrum of the  f i r s t  e lu ted  com­
ponent was id e n t ic a l  w ith  th a t  o f dim ethyl p h th a la te  (1C3). The o th er 
two G.C. peaks ex h ib ited  h ig h ly  s im ila r  mass s p e c tra l  p a tte rn s , showing 
p aren t peaks a t  m/e 208 (CnHi204+) and in te n se  peaks a t  m/e 149 
(base peak) and 91. The mass s p e c tra l  fragments a t  m/e 149 and 91 
were in d ic a tiv e  o f methyl tropylium  carboxy la te  ions (CgHgOa"*") and 
tropylium  ions (C7'H7+ ), re s p e c tiv e ly .
Column chromatography on s i l i c a  g e l o f  the  crude m ixture re s u lte d  
in  a  p a r t i a l  se p a ra tio n  and an enrichm ent o f  the  d i f f e r e n t  components. 
P u r if ie d  samples which were e s s e n t ia l ly  free  o f  103 showed UV 
maxima a t  211 and 275 and i r  bands a t  2945 (m) C-H s tre tc h in g ; 1725 
C=0 ( s ) ;  1620 (m) C=C; 1440 (s) con jugate  C-C; 1260 (s )  C-O-R; 1125 
(s )  C-0 and loOO (s )  C»C cm-1 . These UV and i r  s p e c tra l  p a ra ­
m eters were in  good agreement w ith  d a ta  rep o rted  in  the  l i t e r a t u r e 97’88 
fo r  the cy c lo h ep ta trien e  c a rb o x y la te s , s tro n g ly  suggesting  dim ethyl- 
c y c lo h ep ta tr ien e  d ica rb o x y la tes  in  th e  therm olysis m ix ture  ob tained  
from 102 . S tru c tu ra l  assignm ents and com positional a n a ly s is  o f  the  
components were made by in sp ec tio n  o f in c reas in g  and decreasing  nmr 
s ig n a ls  in  sp e c tra  ob tained  from d i f f e r e n t  column chromatography 
f ra c t io n s . I n i t i a l  f ra c tio n s  con ta ined  a m ixture of dim ethyl p h th a la te  
( 103) and dim ethyl c y c lo h e p ta tr ie n e - l,2 -d ic a rb o x y la te  ( 109) . Sub-
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sequent f ra c tio n s  provided in c re a s in g  amounts o f dim ethyl cy c lo - 
h e p ta tr ie n e - l ,7 -d ic a rb o x y la te  ( i l l ) and dim ethyl c y c lo h e p ta tr ie n e -  
2 ,3 -d ica rb o x y la te  ( 112) . The nmr assignm ents fo r compounds 109 ,
111 and 112 a re  summarized in  Table 3 . The fo u rth  isomer, 
d im ethy lcyc lohep ta triene-3 ,Ij--d icarboxy la te  was not d e te c ted . In ­
te g ra tio n  of the carbomethoxy reg ion  in  the  nmr spectrum o f  the 
crude therm olysis m ixture o f 102 showed the  follow ing com position:
103 (2U*), 102 (18£), 111 (27#) and 112 (31* ). Thermolysis o f  a 
m ix ture  o f  102, (28* ), 102 (33* ) , 111 (29*) and U 2 ( 10*) a t  220- 
225°C fo r 1 hour re s u l te d  in  an in c re ase  o f 112 (33*) a t  the  expense 
of compound 109 (7*) whereas th e  amount o f  111 (30*) and 103 (30*) 
remained p r a c t ic a l ly  c o n stan t. H eating o f  a m ixture o f 103 (11*),
109 (19*)» H I  (29*) and 112 (W *) gave a s im ila r  r e la t iv e  r a t io  
o f c y c lo h e p ta tr ie n e  d e r iv a tiv e s  as in  the  previous re a c tio n , in d ic a tin g  
th a t  109, 111 and 112 re a d ily  in te rc o n v e rt a t  220°C. In a l l  c ases , 
eq u ilib riu m  a lread y  e s ta b l is h e s  a f t e r  20 m inutes a t  220°C.
The form ation o f compounds 103, 109, 111 and 112 from 102 i s  
o f  co nsiderab le  m echan istic  i n te r e s t .  A p o ss ib le  form ation o f 
the c y c lo h e p ta tr ie n e  d e r iv a tiv e s  109, 111 and 112 from 102 could 
proceed under e x tru s io n  o f  s u lfu r  d iox ide  to  give f i r s t  d ir a d ic a l  
113 followed by a co llap se  to  the  norcarad iene  d e r iv a tiv e s  108 and 
110. The re a c tio n  could a lso  involve i n i t i a l  form ation o f  d im ethyl- 
n o rb o rn a -2 ,5 -d ien e -2 ,3 -d ic a rb o x y la te  ( 11^) . When the  l a t t e r  com­
pound was thermolyzed under the same co n d itio n s as described  fo r  
102, the  s t a r t in g  m a te ria l was recovered e x c lu s iv e ly , thus excluding 
dim ethyl no rb o rn a-2 ,5 -d ie n e -2 ,3 -d ica rb o x y la te  ( 11^) as an i n t e r ­
m ediate in  the form ation o f  compounds 109, 111 and 112. Another
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Table 3• NMR Data o f Dimethyl C y c lo h ep ta trlen ed icarb o x v la tea
Compounds_________________________________ nmr s ig n a ls____________________
109 2 .52 (d,2H, J -7 .0  Hz, C-T p ro to n s); 3-79 (a , 3H, -COaMe)
3 .81  (s , 3H, -COaMe); 5.^8  ( d t r ,  m , J=8 .8  and 7 .0  Hz,
C-6 p ro tons)
8-33 ( d t r ,  1H, J “8 .8  and 3*0 Hz, C-5 p ro ton)
6.82 (b rd , 2H, J#*3*0 Hz, C-3 and C-i+- p ro tons)
111 3-61 (s , 3H, -COaMe), 3.81  ( s , 3H, -COaMe), l* .l8 (d, 1H,
J*8 .0  Hz, C-7 p ro ton)
5.91 (brdd, 1H, J=8.0 and 10 Hz, C-6 p ro ton )
6 .b 2  (brdd, 1H, J=10 and 6 Hz, C-5 p ro ton )
6 .6 b  (brdd, 1H, J=10 and 6 .0  Hz, C-3 p ro ton ) 6.81* (dd,
1H, J*6 .0  and 10 Hz, C-lf p ro to n ) , 7*38 (brd , 1H, 
J*6 .0  Hz, C-2 p ro ton)
112 2.1*5 (dd, 2H, J=6.5 and 7 .5  Hz, C-7 p ro ton)
3 . 7!* (s , 3H, -COaMe), 3 .82  ( s , 3H, -COaMe)
5,86  ( d t r ,  1H, J*9*5 and 7*0 Hz, C-6 p ro ton)
6 .35 (dd, 1H, J«9 .5  and 5*5 Hz, C-5 p ro ton)
6 .52  ( t r ,  1H, J*7.5 Hz, C -l p ro to n ), 7.65  (d, 1H, J -5 .5  
Hz, C-l* pro ton)
COz M*
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attractive mechanism would be a linear f 2 + 2 +  2 1  or a non-
LTT a a  a a  s J
l in e a r  r 2 + 2  + 2 1 c h e le tro p ic  su lfu r  d iox ide  e x tru s io n -
“ T T  S  r r  c l  r r  “
rearrangem ent re a c tio n  (shown fo r  conversion 102 to  110) a lso  
lead ing  to  the norcarad iene  in te rm ed ia te s  108 and 110. From the 
l a t t e r ,  c y c lo h ep ta tr ien e  d e r iv a tiv e s  109 and 112 would be derived
g ive 111 . S u lfu r d iox ide  e x tru s io n s  in  the  therm olysis o f non- 
c y c lic  a l l y l i e  su lfones 11^ to  form rearranged  alkenes 116 were f i r s t  
rep o rted  by Combe and S tew art393 and l a t e r  by Hendrickson £ t  a l . s9b
R: a l l y l  o r s u b s ti tu te d  a l l y l
R ': u n su b s titu te d  o r  s u b s ti tu te d  a lk y l o r a ry l
The concertedness in  th e  S0^ e x tru s io n  from b ic y c l ic  su lfones of 
type 102 i s  supported by Mock's o b se rv a tio n  th a t  therm olysis o f 
the  c is  and tran s  s te reo isom ers o f  2 , 5 -d i® ethy l-2 , 5-d ihydro th iophene-
1 , 1-d iox ide  ( 117) occurs w ith  h igh s te r e o s p e c i f ic i ty  under forma­
tio n  o f the  hexa 2 ,4 -d ien e s  ( 118) . 90
by s k e le ta l  rearrangem ents follow ed by [ 1 . 5 ] -hydrogen s h i f t s 80** to
CH— CHR— S 0 2— CR$
HC=CH
, R '= H  
b -  R ~ H  , R '= C H i
The form ation o f  103 may be form ulated e i th e r  as a su lfene  
e x tru s io n  re a c tio n  from 102 or p o ss ib ly  a carbene e x tru s io n  re a c tio n  
o f in te rm ed ia te  108 and 110. Examples fo r the  lo ss o f carbene 
from c y c lo h e p ta tr ie n e  d e riv a tiv e s  v ia  norcaradienes have been de­
sc rib ed  in  the l i t e r a t u r e 92. Thermolysis o f 102 in  the  p resence 
o f cyclododecene as a carbene accep to r as w ell as prolonged 
h e a tin g  o f a m ixture o f 103, 109. I l l  and 112 d id  not r e s u l t  in  
an in c re ase  o f 103. Thus, form ation o f 103 from in te rm ed ia tes 
108 and 110 by a carbene t r a n s fe r  re a c tio n  seems to  be an 
u n lik e ly  ro u te . The experim ental d a ta  in d ic a te d  th a t  in  th e  
therm olysis o f 102, two independent processes seem to  be com­
p e tin g : S u lfu r d iox ide  e x tru s io n  lead ing  to  cy c lo h ep ta trien es
109. I l l  and 112 re p re se n ts  the  predominant ro u te , whereas r e t ro  
D ie ls-A ld er re a c tio n  under l ib e ra t io n  o f su lfen e  from 102 i s  
e n e rg e t ic a l ly  le s s  favored a t  220°C. The presence of a phenyl 
group a t  C-h o f  the  b ic y c lic  su lfone  102 su rp ressess  
norcarad iene  form ation and d i r e c t  the process v ia  the 
su lfen e  ro u te  e x c lu s iv e ly . In the  l a t t e r  case , the fa te  o f  the 
m ethylene fragm ents, p o ss ib ly  derived  from su lfe n e , is  not 
c le a r .  In  the  therm olysis o f 102, minor nmr s ig n a ls  ty p ic a l  
fo r  cyclopropane r in g  pro tons a t  about 5 0,5  were observed in  a 
sh o rt- tim e  therm olysis o f  102 a t  220°C, but were not d e te c ted  
in  the  10 m inute re a c t io n s . These s ig n a ls  could be due to  
la b i le ,  su lfe n e -d e riv e d , m ethylene t r a n s fe r  product.
R ecen tly , King e t  a l . 93 rep o rted  the therm olysis o f 2 ,2 -  
d io x ido -^ -pheny l-2 - th ia b ic y c lo (2 , 2 ,2 ) -o c ta - 5, 7 *diene-5 , 6 - 
d ica rb o x y la te  anhydride ( 119) to  give equal amounts o f the  b i-
phenyl d e r iv a tiv e  (120) and c y c lo p ep ta tr ien e  d e r iv a tiv e  121.
K ing 's r e s u l ts  confirmed our observations on the  therm olysis o f 
102 and dim ethyl 2 , 2 -d iox ido -2 - th ia b ic y c lo [2 , 2 , 21o c ta -7 -en e-5 ,6 - 
d ica rb o x y la te  (122). Whereas therm olysis of 102 gave m ostly SOg- 
e x tru s io n  p ro d u c ts , and the therm olysis o f  lf-phenyl d e r iv a tiv e s  o f 102.
proceeded predom inantly v ia  the  r e t r o  D ie ls  re a c tio n , 
therm olysis o f th e  b ic y c lic  anhydride 119 gave about 
equal amounts o f  SCfe e x tru s io n  and r e t ro  D ie ls-A lder 
p ro d u cts . The reason fo r  th i s  i s  not com pletely c le a r ,  but the  
s t r u c tu r a l  in flu en ces  upon th e  re a c tio n  path  can be exp la ined  in  




From the previous d isc u ss io n  and th e  re fe re n c e s85,89>90*91*93) 
i t  seems reasonab le  to  d iscu ss  the  SO  ^ ex trusion -rearrangem en t 
re a c tio n s  in  terms o f a c y c l ic ,  concerted  mechanism, the  t r a n ­
s i t io n  s t a te  fo r  which may be p resen ted  by 123 ; the c o rre s ­
ponding t r a n s i t io n  s t a te  fo r  the  re v e rse  D ie ls-A lder process 
i s  given by 12k . In th e  re a c tio n  o f  k-phenyl d e r iv a tiv e  o f 
102 , the  phenyl group i s  capable o f  con jugative  s ta b i l i z a t io n  
o f  12k , but no t in  the  case o f 123 . This may be a main 
fa c to r  le a d in g  to  th e  occurrence o f the  re v e rse  D ie ls-A lder r e ­
a c tio n  as the  p r in c ip a l  therm al re a c tio n  fo r  the k-phenyl d e r iv a tiv e  
o f  102 , but not fo r the  u n su b s titu te d  compound 102 ; in  
o th e r  words, the  resonance o f the  phenyl group w il l  
s t a b i l i z e  the  t r a n s i t io n  s t a te  f l2 k ). The p a r t i a l  SOa 
ex tru sion -rearrangem en t process o f 119 could a lso  be due, 
a t  le a s t  in  p a r t ,  to  the  same e f f e c t .  The presence o f 
the  c y c lic  anhydride system leads to  a nonbonding re p u ls io n
between the phenyl group and the  ad jacen t carbonyl oxygen p re - 
c
ven ting  c o p la n a r ity  o f  th e  phenyl group and the  forming i n t e r ­
m ediate. In  the  k-phenyl d e r iv a tiv e  o f  102, the same in te ra c t io n  
may be avoided by ro ta t io n  of the carbomethoxy group, whereas in  
the  anhydride 119. only the  phenyl group can r o ta te .  The conforma­
tio n  o f  the phenyl group which m inimizes the in te ra c t io n  w ith  the 
carboxyl group i s  le s s  favo rab le  fo r  s t a b i l i z a t io n  of 12k and th e re ­
fo re  leads to  an in c rease  in  the  energy o f t r a n s i t io n  s ta te  12k in  the  
re a c tio n  of 119 r e la t iv e  to  the k-phenyl d e r iv a tiv e  o f 102.
In o rder to  g e t more in s ig h t  in to  the  com petition  be-
kh
tween th e  r e t r o  D ie ls -A ld e r r e a c t io n  and th e  s u l f u r  d io x id e  ex ­
t ru s io n  o f  b ic y c l ic  su lfo n e s , th e  sy n th e s is  o f  th e  two d ih y d ro ­
d e r iv a t iv e s ,  d im ethyl 2 , 2 -d io x id e -2 - th ia b ic y c lo (2 , 2 , 2)o c ta -  
5 -en e -5 , 6 -d ic a rb o x y la te  ( 125) and d im ethyl 2 ,2 -d io x id o -2 -  
th ia b ic y c lo (2 ,2 ,2 )o c ta -T -e n e -5 ,6 -d ic a rb o x y la te  ( 122) were a t ­
tem pted.
When su b je c te d  to  th e rm o ly s is , compounds 125 and 122 
would be expected  to  p ro v id e  cyclohep tad iene  d e r iv a t iv e s ,  which 
due to  a la c k  o f one double bond fo r  d e lo c a l iz a t io n  should  be 
le s s  s ta b le  than  th e  c y c lo h e p ta tr ie n e  d e r iv a t iv e s .
‘CH.
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The sy n th e s is  o f  th e  b ic y c l ic  su lfo n e  125 was a ttem pted  
by c a t a ly t i c  hydrogenation  o f  102. I t  was hoped th a t  
fo r  s t e r l c  reasons th e  t e t r a s u b s t i tu t e d  double bond 
in  102 would be c o n s id e ra b ly  le s s  r e a c t iv e  toward hydrogenation  
than  th e  d is u b s t i tu te d  double bond. H ydrogenations a ttem p ts  
u sin g  d i f f e r e n t  c a ta ly s t s  (Pd/C and Ft^O) were w ith o u t su ccess ; 
in  each c a se , th e  s t a r t i n g  m a te r ia l  was reco v ered . The 
f a i lu r e  o f  th e  hydrogenation  o f  102 could  be due to  th e  po ison ing  
o f  the  c a ta ly s t  by th e  s u l f u r  atom in  th e  m olecu le . Compound 
122 was o b ta in ed  in  about 50$ y ie ld  by h e a tin g  c r th io p y ra n -
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1 ,1 -d io x id e  (2L) w ith  dim ethyl m aleate  a t  100-120°C fo r  75 
h o u rs . The su lfo n e  122 gave i . r .  bands a t  1750 cm-1  ty p ic a l  
fo r  a carbonyl group. Bands a t  1240 and 1120 cm"1 were a ssig n ed  to  
th e  SQ2 a b so rp tio n . The nmr and MS d a ta  were a lso  in  ag ree ­
ment w ith  s t r u c tu r e  122 . S h o rt-tim e  therm o lysis  experim ents 
o f 122 a t  225°C, 250°C and 275°C provided th e  unchanged s t a r t i n g  
m a te r ia l  in d ic a t in g  th a t  th e  a c t iv a t io n  energy o f  therm olysis  fo r  
th is  b ic y c l ic  su lfo n e  i s  h ig h e r than  th a t  o f  th e  p re v io u s ly  d i s ­
cussed  d iene  102. Compound 122 was then  su b je c ted  to  t h e r ­
m olysis a t  300°c fo r  3 m inutes which provided a b lack  s o l id  
re s id u e  and a sm all amount o f  g reen  o i l .  The evolved gas mix­
tu re  was su b je c ted  to  gas chrom atographic-m ass s p e c t r a l  (GC-MS) 
a n a ly s is  a t  70 e v . , u sin g  an 8 foo t porpak S column. S evera l 
f r a c t io n s  were d e te c te d  in  th e  GC t r a c e .  The d a ta  GC-MS 
d a ta  a re  summarized in  Table 4 ,
From th e  d a ta  summarized in  Table 4 , i t  i s  c le a r  th e  t h e r ­
m olysis o f  122 a t  300°C occurs w ith  co n s id e ra b le  frag m en ta tio n . 
Form ation o f  COg, m ethyl a c e ta te  and m ethyl e th e r  could p o s­
s ib ly  proceed v ia  a  pa th  as shown in  the  fo llow ing  diagram :
-f 2C ' i - o c H ^ l — ►cH3c q ^ 3 4  cO j
9 i
U6
Table 4: Hass S p e c tra l Data o f the  Gas Phase Components from the
Therm olysis o f  ( 122) a t  300°C fo r  3 Minutes
S tru c tu ra l
F rac tion  P aren t mass Base peak m/e ( in te n s i ty )  assignm ents









^ c h 3ch3 0 J
2 44 44 28 (9 .5 )
16 (6 . 0 ) CQ2
3 30 28 27 (28 .6) CH3 -CH3
30 (24 .5)
4 46 45 k6 (52 .6)
29 (2 5 . 6 ) CH3 -0 -CH3
15 (14 .7)
5 64 64 48 (4 .8 )
65 (5-5) S0s
66 (3 .5 )
6 58 43 56 (52)
57 (25) CH3 -CH2 **CHg-CHq
41 (19) C4H10
4o (8)
7 62 62 47 (44 .6) ch3 ch3
45 (22 .0) V
61 (22 . 0 )
8 60 60 32 (24 .3)
62 (4) SCO
*-*With the excep tion  o f GC band 8 , th e  MS d a ta  o f a l l  the  o th e r  bands are  
id e n t ic a l  w ith  the  mass s p e c tra  o f th e  known compounds.3^
^7
The d e te c tio n  o f s u lfu r  d iox ide  in  the  gas phase in d ic a te s  a 
p rocess ty p ic a l  fo r a l l y l i c  su lfones which evolved SCfe on therm olysis . 
Ethane and butane could be formed by a com bination of m ethylene 
groups derived  from su lfe n e . H iraoka91 rep o rte d  the  form ation 
carbonyl s u lf id e  from su lfe n e  in  th e  absence o f  trapp ing  agent and 
sometime, e thane and e thy lene  were formed. In  our p y ro ly s is  mix­
tu re  the compound w ith  a  mass number 60 could be due to  c a rb o n y lsu lf id e .
The m ajor i . r .  s ig n a ls  fo r  th e  g reen ish  l iq u id  ob tained
from the therm olysis o f 122 gave ty p ic a l  C-H s tr e tc h in g  a t  3000
and 1*4-30 ; carbonyl a b so rp tio n  a t  1800 and 1750* and e s te r  ab­
so rp tio n s  a t  1270 and 1220; alkene ab so rp tio n  a t  1125 and 635; 
arom atic  and co n ju g a tiv e  double bonds a t  1080 and 900 cm-1 .
There was not s u f f ic ie n t  m a te r ia l a v a ila b le  to  run 
an nmr spectrum . The b lack  s o l id  res id u e  shewed ty p ic a l  
a lkane ab so rp tio n  a t  2950 and 1^50cm_1; carbonyl ab so rp tio n  
a t  1750 and a lkene ab so rp tio n  and con jugative  double bonds a t  
1550, 730 and 720 cm-1 . The i . r .  d a ta  in d ic a te d  th a t  the  
therm olysis re s id u e  from 122 con tained  compounds w ith  con­
jugated  double bond and methyl carboxy la te  group. The G.C.-M.S. 
a n a ly s is  o f th e  therm olysis res id u e  gave in  th e  GC-trace a
w ell reso lved  peak follow ed by four broad peaks. The mass
spectrum  a t  70 eV o f  the component f i r s t  e lu te d  was in  good 
agreement w ith  th a t  o f dim ethyl p h th a la te  ( 103). At h igher 
tem perature , the  i n i t i a l l y  formed dim ethyl 1, 2 -d ih y d ro p h th a la te  
( 127) could p o ss ib ly  give dim ethyl p h th a la te  ( 103) by th e  
lo ss  o f  hydrogen, form ation o f  the  arom atic  system  103 being
the  d riv in g  fo rce . The form ation o f 105 is  in d ic a t iv e  of a r e t ro  
D ie ls-A lder re a c tio n  i n i t i a l l y  p rov id ing  su lfe n e  and 127T the 
l a t t e r  being the  p recu rso r fo r  compound 105 as o u tlin e d  in  
Scheme 7.
The second component in  th e  G.C.-M.S. showed a base peak 
a t  m/e 91 and a paren t peak a t  m/e 210 (1 ,6 ) . F u rther in te n se  
s ig n a ls  were observed a t  m /e: 15 ( 15) , 59 (2 4 .2 ), 77 ( 2 k . k ) ,
79 (1 3 .M , 92 (2 0 ) ,  95 (55 ), 105 (2 7 .3 ) , 118 ( 18) , 150 (29),
I65 (50), 178 ( l 6 ) .  The in te n se  mass s p e c tra l  fragm ents a t  
m/e 93 and 210 in d ic a te d  th e  presence o f  a  dihydrotropylium  ion 
(CyHg*) and C11H14O4 , re s p e c tiv e ly , which would be in  a g re e ­
ment w ith  compounds 128, 129 and 150. The th ird  and fou rth  
components in  the  G.C.-M.S. gave base peaks a t  m/e 177, p a ren t 
peaks a t  208 and in te n se  s ig n a ls  a t  m/e 59, 91 , 118, a p a tte rn  
ty p ic a l  fo r the c y c lo h ep ta tr ien e  d ica rb o x y la tes  (C11H12O4 ) .
The f i f t h  component was q u ite  s im ila r  in  th e  mass s p e c tra l  p a t­
te rn  to  the  th ird  and fo u rth  compounds w ith  a p a ren t peak m/e 
208 and a base peak a t  m/e 177*
The p a ren t peaks a t m/e 208 in  these  compounds in d ic a te d  
the  presence o f c y c lo h ep ta trien e s  109. I l l  and 112 which a t  
high tem perature (500°) could have been formed from 129 and 150 
by the  lo ss  o f hydrogen. Thick la y e r  chromatography o f  the  
therm olysis res id u e  of 122 , developed in  benzene, re s u lte d  
in  a p a r t i a l  se p a ra tio n  o f compounds but no d e f in i te  products 
«jould be is o la te d ;  one band gave a syrup, the  nmr spectrum  o f 
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p o ss ib ly  3 _niethyl d im e th y lp h th a la te . The nmr spectrum  o f a 
more p o la r band in d ic a te d  the s ig n a ls  ty p ic a l  o f the  cyclo - 
h e p ta tr ie n e  d e r iv a tiv e s . A m ixture o f compounds p re se n t in  the  
more p o la r  reg ion  of the  th ic k  la y e r  chromatogram when analyzed 
by G.C.-M.S. in d ica ted  th a t  compounds 103 and 109 , 111
and 112 were indeed produced in  th e  therm olysis o f 122 .
Since the  gas phase from the therm o lysis  o f 122 showed stro n g  
fragm entation o f 122 , fu r th e r  p u r i f ic a t io n  and d e ta i le d  
a n a ly s is  o f the  therm olysis p roducts were d isco n tin u ed . I t  
i s  however im portant to  note th a t  in  the  gas phase therm olysis 
products o f 122 the form ation o f both  s u lfu r  d iox ide  and 
su lfen e  seems to  occur. I t  i s  th e re fo re  reasonab le  to  conclude 
th a t  in  the  therm olysis o f  122 , analogous to  the  therm olysis o f 
102, two rou tes a re  competing, s u lfu r  d iox ide e x tru s io n  and the 
form ation o f su lfen e  as shown in  Scheme 2, a lthough in  the case 
o f compound 122 a  la rg e  number o f s id e  p roducts a re  formed.
In the case o f su lfone  122 , th e  a c t iv a t io n  energy fo r 
therm al deg radation  i s  much h ig h er than in  102. This could 
be due to  the  lack  o f a double bond necessary  fo r  th e  de­
lo c a liz a t io n  in  the  t r a n s i t io n  s t a te  o f the  re a c t io n . Con­
sequen tly , t r a n s i t io n  s ta te s  s im ila r  to  123 and 12i<- 
a re  le s s  favorab le  in  the  therm olysis o f  compound 122 . In  
the d iene system 102 , both double bonds must be involved in  
the i n i t i a l  s tep  v ia  123 and 12k bu t in  th e  case  o f 122 , 
only one double bond is  a v a ila b le .
F in a lly , the sy n th e s is  of the  p a re n t b ic y c lic  su lfone
100 was attem pted by an approach o u tlin e d  in  Scheme 8 . Heating 
o f a - th io p y ra n -1, 1-d iox ide  (2£) w ith  m aieic anhydride ( 151) a t  
110cC fo r  2 hours gave high y ie ld s  o f 152 . Spectroscop ic  
s tu d ie s  and elem ental a n a ly s is  supported the s t ru c tu re  o f  152 .
The i . r .  bands were ty p ic a l  anhydride ab so rp tio n s a t  I 85O, 1175 can*1 
and SQg ab so rp tio n  a t  1510 and 1250 cm*1. The nmr and mass spec­
t r a l  d a ta  were a lso  in  agreement w ith  s t ru c tu re  152 . (See 
e x p e rim e n ta l.)
2 ,2 -D io x id o -2 -th iab ic y c lo [2 ,2 ,2 1 -o c ta -7 -e n e -5 > 6 -d ic a rb o x y lic  
ac id  ( 155) was ob tained  by re f lu x in g  and s t i r r i n g  the  anhydride 
152 in  10$ HC1 so lu tio n . The m ix tu re , which was a  suspension 
a t  the  beg inn ing , became homogeneous when the re a c tio n  was com­
p le te .  A fte r removal o f the w a te r, 155 was used fo r  th e  
fo llow ing re a c tio n s  w ithout fu r th e r  p u r i f ic a t io n .
O xidative  conversions o f d ica rb o x y lic  ac id  in to  o le f in  w ith 
lead  te t r a a c e ta te  a re  w ell documented in  th e  l i t e r a t u r e 94. For 
in s ta n c e , Chapman, e t  a l . 95 su c c e ss fu lly  decarboxylated  1- 
carboethoxy b ic y c lo [2 , 2 , 2 ]-o c ta n e -2 ,3 -d ica rb o x y lic  ac id  ( 15M 
to o b ta in  th e  corresponding o le f in  155 in  f a i r  y ie ld .
When 135 was reac ted  w ith  lead  te t r a a c e ta te ,  the  work-up p ro ­
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re a c tio n s  d id  not provide the d e s ire d  su lfone  100 . Another 
a ttem pt invo lv ing  removal o f w ater from 155 a t  e lev a ted  tem­
p e ra tu re  under h igh vacuum, followed by lead  te t r a a c e ta te  
o x id a tio n , a lso  f a i le d  to  prov ide th e  d es ired  p roduct. In th is  
case  i t  was p o ss ib le  th a t  133 had been dehydrated a t  high 
tem perature by r e c y c l iz a t io n  to  g ive  anhydride 152 . An­
hydrides a re  known to  r e s i s t  o x id a tiv e  d eca rb o x y la tio n s. The 
decarboxy la tion  o f  155 was then attem pted  by e le c t r o ly t i c  
decarb o x y la tio n , a p rocess which had been p rev io u sly  repo rted  
by Corey and Casanova96, Bacha and Kochi?7 , and Elakovich90. The 
experim ents by Corey and Casanova96, and by Bacha and Kochi97 had 
been su c ce ss fu l in  p rov id ing  the  d e s ire d  o le f in s .  Hcwever, in  
our experim ent th e  e le c t r o ly s i s  m ixture turned  In to  a deep b lack  
so lu tio n  from which no decarboxy la tion  product could be is o la te d , 
Snyder63 in  h is  sem iem pirical M.O. c a lc u la t io n  suggested 
th a t  su lfen e  may be s ta b i l iz e d  by e le c tro n -d o n a tin g  s u b s ti tu e n ts .  
Houk65 u sing  f r o n t ie r  MO en erg ies  and to ta l  charges c a l ­
c u la te d  by CNDO/2 , suggested  th a t  s u f f ic ie n t ly  n u c leo p h ilic  
a lkenes may add in  a stepw ise  fash io n  o r e le c t ro n - r ic h  d ienes 
re a c t  in  a concerted  (V*"2) fash io n . E le c tro n -d e f ic ie n t d ienes 
may cycloadd in  a concerted  fash ion  i f  the  cumulene HO-diene LU 
in te ra c t io n  becomes s u f f ic ie n t ly  g re a t .  With th e se  idea in  mind, 
cy c lo ad d itio n  between su lfe n e  and an e le c tro n  d e f ic ie n t  d iene 
was attem pted by the re a c tio n  of a - th io p y ra n -1 , 1-d iox ide  (97) 
w ith  su lfe n e , generated  in  s i t u  from m ethanesulfonyl ch lo rid e .
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Sulfene generated  from mesyl c h lo rid e  and tr le th y la m in e  was r e ­
ac ted  w ith compound 21. • A fte r s t i r r i n g  a t  room tem perature fo r 
16 hours, the  m ix ture  was worked-up to  provide only the  s t a r t in g  
m a te ria l 9T_ but no cy c lo ad d itio n  p ro d u cts . The reason might 
be th a t  the  d iene i s  no t s u f f ic ie n t ly  e le c tro n  d e f ic ie n t .
R eaction of in  s i tu  generated  su lfen e  w ith  an e le c tro n -  
r ic h  d iene was a lso  attem pted  by re a c tin g  su lfe n e  w ith  1-methoxy- 
1 ,5 -bu tad iene ( 156). Although a s im ila r  £hn+2) c y c lo ad d itio n  
re a c tio n  had been p rev io u s ly  rep o rted  by Truce and L i n " ,
re a c tio n  o f 156 and su lfe n e  d id  not g ive th e  expected p roduct. 
This could be due to  th e  decom position or po lym eriza tion  o f  156 
before  undergoing cy c lo ad d itio n  w ith  su lfe n e ; o r because o f in ­
s u f f ic ie n t  n u c le o p h il ic i ty  o f  compound 156.
OR OR
SOLVENT EFFECT AND NEIGHBORING GROUP PARTICIPATION IN SULFENE FORMATION
In  1911> Wedekind and Schenk5 rep o rted  th a t th e  re a c tio n  o f 
phenyim ethanesulfonyl c h lo rid e  w ith  tr ie th y la m in e  y ie ld ed  t r a n s - 
s t i lb e n e  and suggested th a t  pheny lsu lfene  (PhHC = SQ2 ) was an 
in te rm ed ia te  in  the  re a c tio n . S im ila r ly , in  1923, Wedekind and co­
w orkers100 described  the  tran sfo rm a tio n  o f D -cam phor-10-sulfonyl 
ch lo rid e  ( 137) w ith e i th e r  tr ie th y la m in e  o r p y rid in e  to  g ive  D- 
camphor-10-ch lo ro su lfo x id e  ( 138).
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The s t ru c tu re  o f  138 was confirm ed by King and co-w orkers19 using  
sp ec tro sco p ic  d a ta . L a te r, the  re a c tio n s  o f  D-Cam phor-10-sulfonyl 
c h lo rid e  ( 137) and phenyim ethanesulfonyl c h lo r id e  w ith  tr ie th y la m in e  
o r p y rid in e  were re in v e s tig a te d  by S tra tin g 79 and King and D urst101. 
In  1966, King and D urst101 confirm ed W edekind's r e s u l t s  on the 
re a c tio n  of phenyim ethanesulfonyl c h lo r id e  w ith  tr ie th y la m in e . In 
a d d itio n , they rep o rted  the  i s o la t io n  o f  c is  and t r a n s -oxythiobenzoyl 
ch lo rid e  (l^6 a) and ( l ^ b ) . This isom eric  m ixture rep resen ted  the  
f i r s t  example o f geom etrical isomerism about a c a rb o n -su lfu r  double 
bond; as a m a tte r  o f f a c t ,  about any double bond in  which one of 
the  atoms i s  o f a  h igher atom ic number than  n itro g e n .
I t  was observed by King and D u rs t101 th a t  the re a c tio n  o f
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phenyim ethanesulfonyl c h lo rid e  w ith  tr ie th y la m in e  showed a stro n g  
dependence on th e  so lv en t used in  the  re a c tio n . The so lv en t de­
pendence d a ta  a re  summarized in  Table 5 .
Table 5 :
Solvent Products
S tilb e n e  C hlo rosu lfox ide  D iphenylethylene su lfone  
E ther + tra c e  +
Cyclohexane t r a c e  +
Benzene + + +
The proposed mechanism fo r the  form ation o f the  d i f f e r e n t  p roducts , 
as form ulated fo r  th e  re a c tio n  o f phenyim ethanesulfonyl c h lo r id e  w ith 
tr ie th y la m in e , i s  summarized in  Scheme 9.2 ’79
I t  i s  o f p a r t ic u la r  i n te r e s t  th a t  th e  form ation o f  th e  ch lo ro - 
su lfo x id es  13 8 , 1^6a and l46b re p re se n ts  th e  only examples in
the l i t e r a t u r e  in  which su lfe n es  r e a c t  out o f the  1 ,3 -d ip o la r  r e ­
sonance form as rep re sen ted  by 139b . Although the  so lv e n t-  
dependence o f the  re a c tio n  o f phenyim ethanesulfonyl c h lo rid e  
w ith  tr ie th y la m in e  in d ic a te s  a s tro n g  in flu en ce  o f the  so lv en t 
upon the  pheny lsu lfene  in te rm ed ia te , no reasons were given by King 
and D urst101 nor by o th e r a u th o rs . From the  experim ental d a ta  i t  
appears th a t ,  in  non-po lar so lv e n ts , th e  1 ,3 -d ip o la r  resonance 
form 139b of pheny lsu lfene  i s  more favored due to  g re a te r  in te rn a l  
s t a b i l i z a t io n  o f  the  p o s i t iv e  benzy lic  carbon c en te r  by th e  phenyl 
s u b s t i tu e n t ,  whereas the  y lid -fo rm  139a experiences g re a te r  
e x te rn a l s t a b i l i z a t io n  by more p o la r  so lv e n ts , e .g . ,  e th e r .
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The ex c lu siv e  form ation o f  D -cam phor-10-chlorosulfoxide ( 138) 
from D -cam phor-10-sulfonyl c h lo rid e  ( 13T) and t e r t i a r y  bases could 
p o ss ib ly  be due to  s t e r i c  reaso n s , th a t  i s ,  th e  r e la t iv e ly  bulky 
norbornyl sk e le to n  could p reven t the  form ation o f in te rm ed ia tes  analogous 
to  1^0 and ll+l th e re fo re  not p e rm ittin g  alkene form ation.
However, we considered  th e  carbonyl fu nc tion  in  the  D-camphor-10- 
su lfo n y l ch lo rid e  to  be w holly re sp o n sib le  fo r  the  ex c lu siv e  d i r e c ­
t io n  o f th e  re a c tio n  toward th e  c h lo ro su lfo x id e  138 . I f  i n t r a ­
m olecu lar s t a b i l i z a t io n  o f the  su lfen e  in te rm ed ia te  by th e  carbonyl 
group were to  re p re se n t a m ajor c o n tr ib u tio n , minimal in flu en ce  
o f  th e  so lv en t p o la r i ty  upon the  d i r e c t io n  (alkene o r c h lo ro su lfo x id e) 
o f the re a c tio n  would be expected.
From phenyim ethanesulfonyl c h lo r id e  and tr ie th y la m in e , King 
and co-w orkers had ob tained  c is  and t r a n s -oxythiobenzoyl c h lo rid e . 
However, the  (E )- and (z)-D -cam phor-lO -ch lorosu lfox ides ( 158a) and 
( 138b) had never been se p a ra ted . T herefo re , we f i r s t  attem pted 
to  se p a ra te  the  two isomers and o b ta in  them in  pure form. Reac­
t io n  o f D -cam phor-10-sulfonyl c h lo rid e  w ith  tr ie th y la m in e  in  e th e r  
gave a m ixture o f  e th e r - in s o lu b le  triethylanm onium  c h lo rid e  and 
triethylammonium camphor-10- su lfo n a te , and an e th e r -s o lu b le  brown 
syrup . The nmr spectrum  o f  th e  syrup d id  not in d ic a te  s ig n a ls  be­
low 3 ppro excluding a lkene form ation in  th e  above re a c tio n . The 
th in  la y e r  chromatogram o f the  syrup , u sing  s i l i c a  gel/benzene, 
showed two d i s t i n c t  spo ts w ith  * 0.M5 and R^ ~ 0.37* Column 
chrom atographic se p a ra tio n  on s i l i c a  ge l u sing  benzene/e thy l a c e ta te  
( 12 : l )  as an e lu a n t provided pure samples o f the two re a c tio n
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products. The less polar ccxnpound was tentatively assigned the 
structure (E)-D-camphor-lO-chlorosulfoxide (138b) on the basis of
p o la r i ty  comparison w ith  compounds l46a and 1^ 6b ; then , the 
more p o la r  c o n s titu e n t  had to  be (z)-D -cam phor-lO -chlorosulfoxide
(I3§a).
F urther arguments fo r th e  s t r u c tu r a l  assignm ents o f the  new com­
pounds were provided by sp ec tro sco p ic  d a ta . Compound 138b , a 
waxy s o l id  a t  room tem peratu re , e a s i ly  c ry s ta l l iz e d  in  the  deep 
f re e z e r ,  m.p. = 5°C. The i . r .  spectrum  o f 138b showed ty p ic a l  
carbonyl a b so rp tio n  a t  1750 cm"1 and C ■ S ab so rp tio n s a t  1290, 
1130 cm*1 . Furtherm ore, S * 0 ab so rp tio n s a t  1080, 1050 and 1020 
cm"1 were observed. The nmr spectrum gave bands a t  5 -  1.68 and 
1.71 ppm due to  the  two geminal methyl groups and an envelop be­
tween 3 .0  ~  1.5 ppm due to  pro tons o f  th e  camphor sk e le to n . The 
mass spectrum  shewed a p a ren t and base peak a t  232 in d ic a tin g  a 
m olecular w eight in  agreement w ith  s t ru c tu re  138b . The more 
p o la r isomer 138a was c r y s ta l l in e  compound, m.p.
8 l  - 82°C. The i . r .  spectrum showed a ty p ic a l  carbonyl ab so rp tio n  
a t  1750» a C = S a b so rp tio n  a t  1280 and S -  0 ab so rp tions a t  1080,
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1050 and 1020 cm-1 . The nmr spectrum  gave s ig n a ls  a t  6 = 1.61 and
1.65 ppm which were assigned  to  the  two geminal methyl groups. F u rth e r­
more, an envelop between 2 .7  - 1.5 ppm was observed. The mass spectrum  
o f 158a gave a p a ren t and base peak a t  232 which i s  in  accord 
w ith  th e  m olecular formula o f  138a . The E:Z r a t i o  o f  th e  crude 
m ixture i s  approxim ately 5 :1). and the  combined y ie ld  fo r  138b and 
158a i s  n ea rly  72$.
In  cyclohexane, the  re a c tio n  o f D -cam phor-10-sulfonyl c h lo rid e  
w ith  tr ie th y la m in e  gave about 66$ o f a m ix ture  o f th e  (e ) -  (z )-  
D -cam phor-10-chlorosulfoxides ( 158a) and ( 138b) showing th e  same 
E:Z r a t i o  as found in  e th e r . These r e s u l ts  in d ic a te d  th a t ,  u n lik e  
the  re a c tio n  o f  phenyim ethanesulfonyl ch lo rid e  w ith  tr ie th y la m in e , 
the  re a c tio n  o f D -cam phor-10-sulfonyl ch lo rid e  (137)  w ith  t r i ­
ethylam ine shewed no so lv en t dependence and (E )- and (Z) -D-camphor- 
10-c h lo ro su lfo x id e  ( 138a) and ( 138b) were the  main p ro d u cts .
From the  above r e s u l t s ,  i t  i s  reasonab le  to  propose th a t  
the  absence o f  a so lv en t e f f e c t  in  th e  re a c tio n  o f D-camphor-10- 
su lfo n y l c h lo r id e  ( 137) w ith  tr ie th y la m in e  i s  due to  a s tro n g  
neighboring group p a r t ic ip a t io n  o f  th e  carbonyl oxygen o f  the  
camphor m oiety. The lone p a ir  e le c tro n s  o f the carbonyl oxygen o f 
the  su lfen e  in te rm ed ia te  147 could s t a b i l i z e  th e  p o s i t iv e ly  p o la rize d  
carbon c e n te r  o f the  su lfe n e . This in tram o lecu la r s t a b i l i z a t io n  
should be reasonably  strong  and independent o f th e  so lv en t p o la r i ty .
147 147a
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E ffe c ts  o f th is  type have been w ell documented in  th e  l i t e r a ­
tu re .  For in s tan c e , P asto  and Serve102 provided examples fo r
neighboring group p a r t ic ip a t io n  by a carbonyl group. The d a ta  in ­
d ic a te d  th a t  the  p-TT bonding p a ir  o f  e le c tro n s  o f a  ke to  carbonyl 
group were involved in  the  form ation o f a carboca tion  in  a s i lv e r  ion 
a s s is te d  so lv o ly s is  o f ch loroketones o f the type lh 8 v ia  the  s ta b i l iz e d  
in te rm ed ia te  lh9 . In the  so lv o ly s is  o f  a s e r ie s  o f  ch lo roketones,
th e  r a te  o f so lv o ly s is  decreases as n in c re a se s  from 2 to  If. This 
i s  expected i f  th e  io n iz a tio n  p rocess nvolves the  form ation o f 
a c y c lic  in te rm e d ia te , th e  r in g  s iz e s  being 5~» 6 - ,  and 7 -membered, 
re s p e c tiv e ly , as shown in  l^ t-9 •
Paquette  and S c o tt103 s tu d ied  th e  k in e t ic s  o f the  a c e to ly s is  
o f oxocan-^-yl b ro sy la te  ( 150) and found a sevenfold  r a te  re ta rd a t io n  
r e la t iv e  to  cyc looc ty l b ro sy la te  (151). In  s t r ik in g  c o n tra s t ,
lk-9
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oxocan-5-y l  3 »5_di-ni t r obenzoate  ( 152) hydrolyzed a t  a i+8 , 000- 
fo ld  r a te  enhancement r e l a t i v e  to  151 . Paquette  and S c o tt i n ­
te rp re te d  th e  r a te  in c re a se  to  be due to  the  in tram o lecu la r 
p a r t ic ip a t io n  o f  oxygen s ta b i l i z in g  the ca rb o ca tio n  in te rm ed ia te  
derived  from 152 , whereas th e re  was no such s t a b i l i z a t io n  in  
lg l  and 150 s in ce  in  those compounds the  oxygen only a c ts  as 
an e le c tro n  w ithdraw ing group which d e s ta b i l iz e s  the  carb o ca tio n , 
consequently , decreasing  the r a te  o f so lv o ly s is .  In  a s im ila r  
study , Oae in v e s tig a te d  the  so lv o ly s is  o f v-bromobutyl phenyl
ketone ( l ^ ) and observed th a t  155 so lvo lysed  considerab ly  
f a s te r  than  1+-phenyl-1-broraobutane . Oae derived  from th e
r a te  enhancement th a t  in tram o lecu la r s t a b i l i z a t io n  of th e  carbo-
ro4c a tio n  by th e  carbonyl oxygen must occur as shown in  155 •
The above experim ental evidence s tro n g ly  favor the  concept 
th a t  the  carbonyl oxygen can p a r t ic ip a te  in  th e  s t a b i l i z a t io n  o f
ca rb o ca tio n ic  c e n te rs . On the  b a s is  o f th ese  d a ta  i t  i s  re a ­
sonable to  e x p la in  the  absence o f  a so lv en t e f f e c t  in  th e
re a c tio n  o f  D-camphor-10-su lfo n y l c h lo r id e  w ith  tr ie th y lam in e
0II
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by the p a r t ic ip a t io n  o f  the  carbonyl oxygen in  the  s t a b i l i z a t io n  
o f the p o s i t iv e ly  charged carbon c e n te r  o f the  su lfen e  in te rm ed ia te , 
as shown in  lVf .
In  o rder to  study th e  e f f e c t  o f  the  carbonyl oxygen in  g re a te r  
d e ta i l ,  the  re a c tio n  o f cam phane-10-sulfonyl c h lo rid e  (157) w ith  
tr ie th y la m in e  was considered . Clemmenson red u c tio n  o f  D-camphor-
1 0 -su lfo n ic  ac id  gave cam phane-10-sulfonic ac id  (156). Reaction 
o f 156 w ith  phosphorus oxychloride provided cam phane-10-sulfonyl 
c h lo rid e  in  low y ie ld .
156 157
The i . r .  spectrum  o f 157 in d ic a te d  th e  d isappearance o f carbonyl 
ab so rp tio n  a t  1750 cm*1 and showed ty p ic a l  SO2 bands a t  
1250 and lloO cm"1. The nmr spectrum gave a sharp methyl s ig n a l 
a t  0 .S 5  ppm fo r  the  two methyl groups, a  s in g le t  a t  3*75 ppm 
fo r m ethylene pro tons and an envelop a t  1 .8 l ~  1.1 ppm. In con­
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t r a s t  to  the  c h i r a l  D -cam phor-10-sulfonic a c id , camphane-10- 
su lfo n y l ch lo rid e  ( 157) i s  a c h ir a l ,  thus ex p la in in g  why th e  nmr 
ab so rp tio n  fo r  the  m ethylene pro tons ad jacen t to  the  su lfo n y l 
group re p re se n ts  a s in g le t  in  l*jj , whereas t he two methylene 
pro tons ad jacen t to  the  su lfo n y l group i n D-camphor-10-su lfo n y l 
c h lo r id e  ( 157) a re  d ia s te re o to p ic  and th e re fo re  appear as two 
one-pro ton  doub le ts  (J**ll Hz). The mass spectrum o f the su lfo n y l 
c h lo rid e  157 showed no p a re n t peak bu t s tro n g  peaks a t  138 and 
137 which a re  due to  the  camphane fragm ents.
The re a c tio n  o f cam phane-10-sulfonyl c h lo rid e  (157) w ith  
tr ie th y la m in e  in  e th e r  formed a w h ite  p r e c ip i ta te  which gave an 
nmr spectrum  id e n t ic a l  w ith  th a t  o f s y n th e tic  triethylam nonium  
c h lo r id e . The nmr spectrum  o f the  crude syrup, ob tained  a f t e r  
evapo ra tion  o f  th e  so lv e n t, showed a more com plicated spectrum .
An ab so rp tio n  a t  9*75 ppm* appearing as a sharp  s in g le t ,  in d ic a te d  
the  presence o f  an aldehyde. P u r i f ic a t io n  o f  th e  re a c tio n  m ix ture  
by column chromatography ( s i l i c a  gel/benzene) was a ttem pted . How­
ever, decom position occurred  forming a b lu e-g reen  
band on th e  column. The re a c tio n  was repea ted  a number 
o f times w ith  th e  same o b se rv a tio n , th a t  i s ,  decom position 
of the  m a te r ia l on th e  column. The e a r l i e r  f ra c t io n s  of the  chroma­
tographic  runs provided sm all amounts o f  a c r y s ta l l in e  m a te ria l 
which was fu r th e r  p u r if ie d  by sub lim ation  to  g ive pure c r y s ta l l in e  
compound, m.p. 152-15^°.
In  th e  i . r .  spectrum , a ty p ic a l  carbonyl ab so rp tio n  was ob­
served a t  1730 can"1 and the  nmr spectrum gave a sharp  s in g le t  a t
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9*75 PP®> in d ic a te d  an aldehyde group. F u rth e r  ranr s ig n a ls ,  a 
s in g le t  a t  1.28  ppm (m ethyl groups) and an envelop between 1.3  
and 2 .38  ppm, were in  agreem ent w ith  th e  p resence  o f  a camphane 
s k e le to n . The in te g ra t io n  o f  a l l  p ro to n  s ig n a ls  gave a  r a t i o  
1:6:9* From th e  above s p e c t r a l  d a ta  th e  new compound was te n ta ­
t iv e ly  a ssigned  s t r u c tu r e  160 .
- s o .
159
The mass spectrum  gave a s tro n g  p a re n t peak a t  m/e 152 which r e ­
p re se n ts  th e  m o lecu lar w eight o f  aldehyde 160. The base peak a t  
ra/e 151 (M-l) p rov ided  fu r th e r  ev idence fo r  th e  presence o f  an 
aldehyde. An In te n se  s ig n a l  a t  m/e 137 must be due to  th e  lo ss  
o f  a methyl group from th e  p a re n t m olecu le , th e  aldehyde 160. 
A nother in te n s e  s ig n a l  a t  m/e 123 i s  in d ic a t iv e  o f  th e  camphane 
sk e le to n  a f t e r  lo ss  o f  CHO (29 m . u . ) .  The e lem en ta l a n a ly s is  
d a ta  were not com plete ly  in  agreem ent w ith  th e  th e o r e t ic a l  
v a lu e s ; th e  d if fe re n c e  could  be due to  a i r - o x id a t io n  o f  the  
aldehyde to  the  correspond ing  c a rb o x y lic  a c id .
The fo rm ation  o f  aldehyde 160 can be v is u a liz e d  as an i n t r a ­
m olecu lar r e a c t io n  o f  su lfe n e  to  g ive  o j-su ltin e  159 which was 
formed from the su lfo n y l c h lo r id e  157. Compound 162 i s  probably  
formed from th e  z w itte r io n  l6 l  on th e  s i l i c a  ge l du rin g  the  
chrom otographic p rocedure . As in  Scheme 10, i t  i s  q u i te  rea so n -
a b le  fo r  compound 158 to  form 160 s ince  no In tram o lecu la r s t a b i l i ­
z a tio n  o f the su lfen e  158 i s  p o ss ib le .
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In the  case o f the  g en e ra tio n  o f  su lfen e  from D-camphor-
10-su lfo n y l c h lo r id e , s u lfe n e  s t a b i l i z a t i o n  by the carbonyl oxygen 
on p o s i t iv e ly  p o la r iz e d  carbon c e n te r  o f  su lfen e  seems to  occur. 
S ince in tram o lecu la r s t a b i l i z a t io n  o f  the  su lfen e  158 is  not pos­
s ib le ,  i t  s t a b i l i z e s  by aldehyde form ation v ia  s u l t in e  159. Due to 
s t a b i l i z a t io n ,  in te rm ed ia te  lV fa has a longer l i f e t im e  to  allow  
the c h lo r id e  ion  to  a t ta c k  the p o s i t iv e  carbon c en te r  o f  th e  su lfen e  
w ith  form ation o f  D-camphor-10-c h lo ro s u lfoxide v ia  the  mixed
anhydride. In  th e  case o f  cam phane-10-sulfonyl c h lo rid e  (157) the 
absence o f a carbonyl group fo rces  th e  su lfe n e  158 to  acqu ire  
s t a b i l i z a t io n  through form ation o f  th e  z w itte r io n  l 6 l  o r  the  s u l t in e  
159 and, subsequen tly , the  aldehyde l6 0 . The lack  o f  the  carbonyl 
group dep resses the  caraphane-10-ch lo ro su lfo x id e  ( 165) pathway.
R eactions o f  su lfo n y l c h lo rid e s  w ith  tr ie th y la m in e  w ithout 
trap p in g  agent have been c a r r ie d  ou t b e fo re . F isch er68 was not 
ab le  to  i s o la te  a d e f in i te  p roduct in  the re a c tio n  o f  methane- 
su lfo n y l c h lo rid e  w ith  tr ie th y la m in e  in  e th e r . P aq u e tte105 and 
co-w orkers observed th a t  9 -f lu o ro e n e -su lfo n y l ch lo rid e  (164) w ith  
tr ie th y la m in e  gave a dark  p u rp le  so lu tio n
which was b e liev ed  to  be a so lu tio n  o f  su lfe n e  165 which po ly -
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tnerized d aring  Che work-up procedure. Again, a pure product from 
the  re a c tio n  o f  164 w ith  tr ie th y la m in e  could not be is o la te d . 
When 164 was s t i r r e d  w ith  tr ie th y la m in e  fo r  2-4 hours, followed 
by the  a d d itio n  o f  N ,N -dim ethyl~ l-isobutenylam ine ( 166 ) no cyclo - 
a d d itio n  p roducts were o b ta in ed , in d ic a tin g  th a t su lfe n e  165
had undergone fu r th e r  re a c tio n s .
When cam phane-10-sulfonyl ch lo rid e  (157) was rea c te d  w ith 
tr ie th y la m in e  u n t i l  the  methylene s ig n a l o f  the  su lfo n y l c h lo rid e  
had com pletely  d isappeared  in  an NMR run, re a c tio n  w ith  a n il in e  
d id  no t g ive th e  sulfonam ide 167 , c le a r ly  in d ic a tin g  th a t  the
su lfe n e , a f t e r  i t s  form ation had a lso  undergone fu r th e r  re a c tio n s . 
A compound was formed, which gave in  the i . r .  spectrum a 
C = N ab so rp tio n  a t  1600, 1720 cm"1 and bands due to  th e  phenyl
ty p ic a l  o f a phenyl group (6*7 . 27 )> »n envelop a t  2 .0  ~  1.4 ppm, 
(camphane r in g )  two methyl group s ig n a ls  a t  1 .0  ppm and a p ro ton  
s ig n a l a t  5*5 ppm. The mass spectrum  o f  th e  new compound gave a  
p a ren t peak a t  m/e 227 end a base peak a t  109. I t  a lso  showed
166
167
group a t  1175» 1100 and 780 cm"1. The nmr spectrum  showed s ig n a ls
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in te n se  s ig n a ls  a t  m/e 152 which i s  in d ic a t iv e  o f  the lo ss  o f a 
phenyl group from th e  m olecu lar ion . The peak a t  m/e 157 was assigned  
th e  camphane sk e le to n  (152 m .u .) minus a methyl group. A s ig n a l 
a t  m/e 123 in d ic a te d  a dim ethyl norbom yl ion and peaks a t  m/e 95 
and 9? were assigned  th e  norbornane and a n il in e  fragm ents, r e s ­
p e c tiv e ly . The above sp ec tro sco p ic  d a ta  a re  in  good agreement w ith  
th e  S c h if f 's  base 168 . P u r i f ic a t io n  a ttem pts o f compound 168 
by column chromatography over s i l i c a  gel led  to  th e  h y d ro ly sis  o f 
168 , one o f th e  products being th e  aldehyde 160 , The S c h if f 's  
base 168 i s  most l ik e ly  derived  from th e  aldehyde 160 o r  pos­
s ib ly  i t s  p rec u rso r  159 •
On the  b a s is  o f  th e  above r e s u l t s  to g e th e r  w ith  th e  f a i lu r e  to  
o b ta in  camphane-10-ch lo ro su lfo x id e  (165) , i t  i s  reasonab le  to  
conclude th a t  th e  carbonyl group in  the D -cam phor-10-sulfonyl 
c h lo rid e  ( 157) does s t a b i l i z e  the  su lfe n e  v ia  in tram o lecu la r p a r ­






The reagen ts and so lv e n ts  used in  a l l  re a c tio n s  were reagen t 
grade conm ercial chem icals. The m elting  p o in ts  were measured on a 
F isher-Johns M elting P o in t Apparatus and were unco rrec ted . I n f r a ­
red  sp e c tra  ( i . r . )  were recorded  on a Perkin-Elm er In fraco rd  Model 
1J7- P o lysty rene  was used as the  c a l ib r a t io n  s tan d ard . U ltr a ­
v io le t  sp e c tra  (UV) were run on a Cary 1^ Spectrom eter. Proton 
nuc lear m agnetic resonance s p e c tra  (nmr) were recorded on a P erk in - 
Elmer Model R12B (60 M Hz) spectrom eter o r V arien t HA-60 (60 M 
Hz) and V arien t HA-100 (100 M Hz). Mass s p e c tra  (M.S.) were 
determ ined on a H itach i Perkin-E lm er Model RMS-4 Mass S pec tro ­
m eter u sing  io n iz a tio n  energy o f  70 eV. Gas chromatography 
trace-m ass sp e c tra  (G .C .-M .S.), G. C. were done on Perkin-Elm er 
990 and the  mass sp e c tra  were d e te c te d  on th e  above RMS -14-. 
M icroanalyses were c a r r ie d  out e i th e r  by Mr. R. Seab, L. S. U .,
Baton Rouge, o r by G a lb ra ith  L aboratory , K noxville , Tennessee.
Anhydrous e th e r  was d r ie d  over m e ta ll ic  sodium. T etrahydro- 
fu ran  (THF) and p-dioxane were re f lu x e d  w ith  calcium  hydride , 
d i s t i l l e d  and s to re d  over calcium  h yd ride . Dimethyl formamide (DMF) 
was d ried  by s t i r r i n g  w ith  m olecular s ie v es  and d i s t i l l e d .  D i- 
m ethy lsu lfox ide  (DMSO) was re flu x e d  w ith  calcium  hydride and d i s ­
t i l l e d  in  vacuo. T rie thy lam ine was purchased from Backer Chemical 
Company and d i s t i l l e d  w ith  a sm all amount o f e th y l isocyana te .
Sodium hydride was purchased from A lfa  Inorgan ic  Ventron as a 57% 
suspension  in  p a ra f f in  o il*  the  sodium hydride was washed w ith
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e th e r  and then used im m ediately. 1-N-Morpholinocyclohexene was 
prepared  by the  method rep o rted  by Domaschke106. M ethanesulfonyl 
c h lo r id e , reagen t grade, was purchased from F ish er Chemical 
Company, and was p u r if ie d  by d i s t i l l a t i o n .  2 ,2 ,2 -T rif lu o ro e th a n e -  
su lfo n y l ch lo rid e  was purchased from Willow Brook Labs, Inc . and 
was used w ithout fu r th e r  p u r i f ic a t io n .  Phenylm ethanesulfonyl 
c h lo rid e  was prepared  by the  method rep o rted  by Johnson and 
Ambler107 in  If 1 $ y ie ld ;  nmr, 6^ ^ ^ :  ^ .82  {S. 2H, -CHa-SOa-);
7 .^8  (S. 5H arom atic p ro to n s) . 2 -P ro p e n e -l-su lfo n y l ch lo rid e  
was syn thesized  by the  method o f Johary and Oweer108 in  89$
fPUO
y ie ld ;  nmr S^™t : 5-73 (m, 1H, -CH-); 5 .6  (m, 2H, CHa«); k.J>6 (d, 
J=U.5Hz, 2H, -Ctfe-S02- ) .
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I .  R eactions o f S u lfony l C h lo rides w ith  M etal Hydrides
I-A . R eaction o f m ethanesulfonyl c h lo r id e  w ith  sodium hydride 
in  THF.
In  a 250 ml, th ree-necked  round-bottomed f la s k , f i t t e d  
w ith  a re f lu x  condenser w ith  a d ry ing  tube and a dropping funnel, 
3 .12  g. (0.13  mol) o f sodium hydride , 9»732 g. (0.11  mol) o f 
cyclohexene and 80 ml of THF were mixed. Under s t i r r i n g  w ith  a 
m agnetic s t i r r e r ,  11. 1+5 g. (0 .1  mol) o f f re s h ly  d i s t i l l e d  methane­
su lfo n y l c h lo rid e  was added dropwise a t  room tem perature . P ro­
v is io n s  were made to  tra p  th e  gas which might be formed in  the  
re a c tio n ; the gas was measured by d isp lacem ent o f w ater in  a 
c y lin d e r . A fte r com pletion o f the  a d d itio n  o f the  m ethanesulfonyl 
c h lo r id e , the  m ixture was re flu x e d  fo r  4 hours. There was no 
e v o lu tio n  of hydrogen w ith in  experim ental e r ro r  due to  tem pera­
tu re  change. The re a c tio n  m ixture was cooled to  room tem pera­
tu re  and the  excess o f sodium hydride f i l t e r e d  o f f .  The f i l t r a t e  
was tr e a te d  w ith  95$ e thano l to  d e stro y  d isso lv e d  excess sodium 
hydride . E vaporation o f th e  so lv en t from th e  f i l t r a t e  l e f t  10 g. 
o f  b lack  re s id u e . The nmr spectrum  o f the  b lack  re s id u e  was 
id e n t ic a l  w ith  th a t  o f the  s t a r t in g  m ethanesulfonyl c h lo r id e .
I-B . R eaction  o f m ethanesulfonyl c h lo r id e  w ith  sodium hydride in  
p -d ioxane.
A m ix ture  o f  2 .88  g. (0 .12  mol) o f  sodium h yd ride ,
8 A  g. (0 .1  mol) o f dihydropyran in  100 ml o f p-dioxane were 
reac ted  w ith  11. 1+5 g* (0 .1  mol) o f m ethanesulfonyl c h lo rid e  as 
described  in  (IA ). Only the s t a r t in g  m a te r ia ls  were recovered .
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I-C . R eaction o f phenylm ethanesulfonyl c h lo rid e  w ith  sodium hydride 
in  THF.
A so lu tio n  o f  20 g. (0.105 mol) o f phenylm ethanesulfonyl 
c h lo rid e  in  50 ml of THF were added in to  a m ixture o f  3*12 g.
(0.13  mol) o f sodium hydride  and 9*2 g. (0.11  mol) o f  cyclohexene 
in  I 5O ml o f THF as d escribed  in  (IA ). A fte r work-up, only the 
s t a r t in g  m a te r ia ls  were recovered,
I-D. R eaction of phenylmethanesu1fony1 c h lo rid e  w ith  sodium hydride 
in  p -d ioxane.
The re a c tio n  described  in  I-C was c a r r ie d  out in  b o ilin g  
P-dioxane. Work-up procedures provided the unchanged s ta r t in g  
m a te r ia ls .
I-E . R eaction  o f 2 -p ropene-1 -su lfony l c h lo rid e  w ith  sodium hydride 
in  p -d ioxane.
A m ixture o f I .67 g. (0.07 mol) o f sodium hydride and
5 .0  g. (0.05  mol) o f dihydropyran in  100 ml o f  p-dioxane were 
reac ted  w ith  7 g. (0.05  mol) o f 2 -p ro p e n e -l-su lfo n y l ch lo rid e  under 
co n d itio n s  described  in  (lA ). No hydrogen evolved and the  s t a r t in g  
m a te r ia ls  were recovered .
I-F . R eaction o f 2 .2 .2 - tr if lu o ro e th a n e s u lfo n y l  c h lo rid e  w ith  
sodium hydride in  p -d ioxane.
A m ixture o f  1.3 g. (0*015 mol) o f dihydropyran and
1.0  g. (0 . 0^ mol) o f sodium hydride in  100 ml o f p-dioxane were
reac ted  w ith  1.83 g* (0.01  mol) o f t r if lu o ro e th a n e su lfo n y l c h lo rid e
as described  in  (lA ). No cy c lo ad d itio n  product was formed. The 
l a b i le  s ta r t in g  su lfo n y l c h lo rid e  decomposed during  the  work-up
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procedure. The re a c tio n  was a lso  attem pted in  DMSO as a so lv en t.
The a d d itio n  o f su lfo n y l ch lo rid e  to  the  DMSO so lu tio n  re s u lte d  
in  a v io le n t  exp losive  re a c tio n  and a blow-up. V io len t re a c tio n s  
between DMSO and acy l c h lo rid e s  had p rev io u sly  been rep o rted  in  
the  l i t e r a t u r e . l09t110*111
I-G. R eaction o f  phenylm ethanesulfony1 c h lo rid e  w ith  lith iu m  
hydride in  anhydrous e th e r .
A so lu tio n  o f  5*7 g» (0.03 mol) o f  phenylm ethanesulfonyl 
c h lo rid e  in  25 ml o f anhydrous e th e r  was added dropwise in to  a 
s lu r ry  o f  0.3  g. (0.033 mol) o f 90$ lith iu m  hydride in  50 ml o f 
anhydrous e th e r . The m ix ture  was s t i r r e d  a t  room tem perature 
fo r  18 hours, w ithou t e v o lu tio n  o f hydrogen. Excess lith ium  
hydride was f i l t e r e d  o f f ,  the  f i l t r a t e  was washed w ith  w ater; 
then the  aqueous so lu tio n  was e x tra c te d  tw ice w ith  50 ml anhyd­
rous e th e r . The combined e th e r  washings were d ried  over anhydrous 
magnesium s u l f a te  and th e  magnesium s u l f a te  was f i l t e r e d  o f f .
Removal o f  the  so lv en t l e f t  a w hite  s o l id ,  th e  nmr spectrum  o f 
which in d ic a te d  the  recovery  of the  s t a r t in g  m a te r ia ls ,  phenyl­
m ethanesulfonyl c h lo rid e .
I-H. R eaction o f 2 .2 .2 - t r i  flu o re th an es u lfo n v l c h lo rid e  w ith 
lith iu m  hydride in  anhydrous e th e r .
A s lu r ry  o f 0.107 g. (0.012 mol) o f  90$ lith ium  
hydride in  50 ml o f anhydrous e th e r  was s t i r r e d  w ith  0 . 92^ g.
(0.011 mol) o f dihydropyran. To th is  s o lu tio n , 1.82 g. (0.01 mol) 
o f 2 ,2 , 2 - tr if lu o ro e th a n e s u lfo n y l c h lo rid e  in  25 ml o f  anhydrous 
e th e r  wae added dropwise, and the  m ix ture  was s t i r r e d  fo r an
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a d d itio n a l 18 hours w ithout d e te c tin g  any ev o lu tio n  o f hydrogen. 
Work-up o f the re a c tio n  m ixture was analogous to  experim ent (iG ).
The res id u e  turned  brown w ith  decom position o f the  t r i f lu o r o -  
e thanesu lfony l ch lo rid e .
I - I .  Reaction o f Corey base w ith  m ethanesulfonyl c h lo r id e .
A m ix ture  o f  2 .88  g (0 .12 mol) o f sodium hydride in  
1+0 ml o f anhydrous THF was p laced  in  a 250 ml th ree-necked  
round-bottomed f la s k , f i t t e d  w ith  a condenser and a d ry ing  tube 
on the  condenser, a  m agnetic s t i r r e r  and a dropping funnel. D i- 
m ethy lsu lfo ixde , 7*8 g. (0 .1  mol) was added to  the  m ixture and 
the  tem perature was ra is e d  to  70-8O°C to  g en era te  the  Corey 
b ase . 77’78 A fte r com pletion o f  the  re a c t io n , the  so lu tio n  was 
cooled to  room tem perature and 8 . 1+ g. (0 .1  mol) o f dihydropyran 
was added. The m ixture was then s t i r r e d  a t  0° under dropwise 
a d d itio n  o f 11.5 6« (0*1 mol) o f m ethanesulfonyl ch lo rid e  in  
1+0 ml o f THF. Upon a d d itio n  o f  th e  su lfo n y l c h lo r id e , the  tem­
p e ra tu re  o f the  re a c tio n  m ixture ro se  to  about 20°C then dropped 
to  9°C and m aintained th a t  tem perature . A fte r  the a d d itio n  o f 
the  su lfo n y l c h lo r id e , the  re a c tio n  m ixture was s t i r r e d  a t  room 
tem perature overn igh t and then  was hydrolyzed w ith  w ater. The 
aqueous so lu tio n  was e x tra c te d  w ith  e th e r  and th e  combined 
e th e r  e x tra c ts  were evaporated . The re s id u e  was e x tra c te d  w ith  
chloroform , and th e  aqueous so lu tio n  was e x tra c te d  tw ice w ith  
chloroform . The combined chloroform  e x tra c ts  were d r ie d  over 
anhydrous magnesium s u l f a te  and f i l t e r e d  o f f .  E vaporation o f 
the  so lv en t provided about 2 g. o f  crude sy rup , th e  nmr spectrum
TT
o f which did not in d ic a te  the  presence o f su lfen e  cy c lo ad d itio n  
p roduct.
I - J .  K in e tic  study fo r re a c tio n  o f  phenylm ethanesulfonyl c h lo rid e  
w ith  t r i e th y lamine in  d e u te ra ted  chloroform .
A s o lu tio n  o f  O.O58 g. (0 .2  mmol) o f phenylm ethane­
su lfo n y l c h lo rid e  and 0.190  g. ( l.O  mmol) o f p -to lu e n esu lfo n y l 
c h lo rid e  in  1 ml o f  d e u te ra ted  chloroform  was tra n s fe re d  to  an 
nmr tube, and 0.020  g. (0.2  mmol) o f tr ie th y la m in e  in  0 A  ml o f 
d e u te ra te d  chloroform  was added to  the  tube; then , th e  tube was 
se a le d  im m ediately. A fte r  thorough m ixing, th e  tube was p laced  
in to  the nmr spectrom eter and an nmr spectrum  was taken every 30 
m inu tes. Each 30 m inutes the  decrease  o f  th e  m ethylene group in  
the  phenylm ethanesulfonyl c h lo rid e  was determ ined by th e  decrease  
o f th e  in te g ra te d  a rea . The same o p e ra tio n s  were rep ea ted  in  an 
experim ent w ith  the  double amount o f the  tr ie th y la m in e  and 
leav ing  a l l  o th e r  co n cen tra tio n s  c o n s ta n t.
I I .  S yn thesis o f T h ie tane-S , S-D ioxides
II-A . R eaction o f  m ethanesulfonyl c h lo rid e  w ith  1-N-mopholino- 
cyclohexene and tr ie th y la m in e . 34
In a 500 ml round-bottomed f la s k  w ith  dropping funnel 
and re f lu x  condenser, a s t i r r e d  s o lu tio n  o f  16.7  g. (0.1  mol) o f
1-N-morpholinocyclohexene and 10.0 g. (0 .10  mol) o f  tr ie th y la m in e  
in  200 ml anhydrous dioxane was re a c te d  w ith  11.5 g* (0.1  mol) 
o f  m ethanesulfonyl c h lo rid e  by a dropwise a d d it io n . A fte r the  
a d d itio n  o f su lfo n y l c h lo rid e , the  re a c tio n  m ixture was allowed
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to  s t i r  a t  room tem perature fo r 15 hours. I t  was then poured in to
a 200 ml ice -w ate r m ixture and th e  aqueous m ixture was e x tra c te d
w ith  e th e r . A w hite  s o l id  which was in so lu b le  in  both w ater
and e th e r , was f i l t e r e d  o f f  and d r ie d  to  give 8.5  g. (34 . 5$) o f
su lfo n e  169 m.p. I J Z - l j k 0 ( L i t . 34 133°-13J+°C), NMR, sER?13 ;XMb
k . 3 , ( t ,  lKa ), 3 .9  ~  Jj-.l ( s ,  2H^), 3 . 65 , ( t ,  1+Hd ), 3.55  (m, ^H .),
2.65 (m, ^He ) ,  1.7 (m, lfHf ) .
II-B . R eaction o f 2 -p ropene-1-su lfo n y l c h lo rid e  w ith  1-N- 
m orpholinocyclohexene.112
A so lu tio n  o f 3-85 g. (0.035 mol) o f  1-N-morpholino- 
cyclohexene and 3-5^ g. (0*035 mol) o f tr ie th y la m in e  in  150 ml 
anhydrous te tra h y d ro fu ra n  was cooled to  0°C. Under s t i r r i n g ,  ^.95 
g. (0.035  mol) o f 2 -p ro p e n e -l-su lfo n y l c h lo rid e  in  20 ml o f anhy­
drous THF were added dropwise. The m ixture was then s t i r r e d  a t  
room tem perature fo r  one more hour. The w hite  p r e c ip i ta te  was 
f i l t e r e d  o f f  and washed w ith  e th e r  then  w ith  w ater to  s o lu b i l iz e  
t r i e th y l  ammonium c h lo rid e . The e th e r  washings were concen tra ted  
to  give predom inantly 3 *(l"m orpholinocyclohexene)-propene- 
su lfo n a te  and some cyc lo su lfone . The re s id u a l s o l id ,  a f t e r  washing 
se v e ra l tim es w ith  w ater, was d r ie d  to  provide 2 A 5 g- (25 . 6$) 
o f  su lfone  1J0 m.p. 132-134°C ( L i t . 112: m.p. 136°C) nmr,
6CDC13 : V  5,96 <dt); V  5,42  Hcf 5 ’k°  Hd’ fd)’*
He; 3*62 (m); 2.6,* 7 .6  ~ 9  (CHs)^
I I I -C . R eaction o f  2 .2 ,2 - tr if lu o ro e th a n e su lfo n y l c h lo rid e  w ith  
1-N-morpho1inocyclohexene and tr ie th y la m in e .
A so lu tio n  o f I .67 g. (0 .01 mol) o f  1-N-morpholino-
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cyclohexene and 1.01  g. (0.01  mol) o f tr ie th y la m in e  were s t i r r e d  
in  Uo ml o f anhydrous e th e r  and 1.82 g. (0 .01 mol) o f 2 ,2 ,2 -  
tr if lu o ro e th a n e su lfo n y l c h lo rid e  in  15 ml o f e th e r  were added 
dropwise under form ation o f  a w h ite  p r e c ip i t a te .  The re s u l t in g  
m ix ture  was s t i r r e d  fo r  2 hours. F i l t r a t io n  o f the  s o l id  re s id u e  
gave 1.308 g. (95$) o f the  triethylammonium c h lo r id e . Evapora­
t io n  o f th e  so lv e n t provided 2.32  g. o f a yellow s o l id  which was
r e c r y s ta l l iz e d  from cyclohexane to  g ive  1.68  g. (55*8$) o f
0 KBrp a le  yellow n eed les , which were su lfo n e  171 m.p. 83-85 C. I .R . v
IS13X
1320, 1250 (CF3 ) , 1335, 1120, (Spa), 1090 (C -0), 920-1000 cm"1 
(C-N); NMR, the  nmr spectrum  o f  the  yellow  s o l id  showed c is  and
rtiw C
tr a n s  c y c lo ad d itio n  p ro d u cts . : U.72 (q, 1H, J=9.0  Hz)
Hb , 5-^9 ( t ,  1H, J-U.O Hz) H , 3 .71  ( t ,  UH, J -5 .0  Hz) 3 .98
(b t ,  UH, J=5.0  Hz ) H , 2 .68  (m, 2H, Hf ), 2 .85 (m, 2H, H ) 2 .20§ J- c
(bm, 2H, H^), 1.75 (b*n, 2H, He ). The mass spectrum  gave a p a ren t 
mass a t  313 (25*7) and base peak a t  167, in te n se  s ig n a ls  a t  Ul 
(1 5 .6 ) , 5 5 (1 0 .3 ), 68 ( 10. 6 ), 78 ( 10. 0 ) , 8 0 (1 5 .1 ) , 8 2 (1 1 .8 ), 166(19.1), 
168(22 .1 ). Anal, c a lcd . fo r  Ci^HigNFaQsS: C, U6.01; H, 5-75; N, U.U7
F, 18.21; S, 10.22; 0, 15.33. Found: C, U5 .U5 ; H, 5 .78 ; N, U.63 .
I I I .  S yn thesis o f  ry-Thiopyran-1.1 -d io x id e  (97)63
Although the  procedure fo r  th e  sy n th e s is  o f  c rth io p y ra n -
1 , 1-d iox ide  was pub lished  in  a communication83, a  more d e ta i le d  
experim ental d e s c r ip tio n  i s  o u tlin e d  as fo llow s.
I l l -A . P re p a ra tio n  o f  g lu ta ra ld e h y d e .
A 25$ aqueous s o lu tio n  o f conm ercially  a v a ila b le
g lu ta ra ld eh y d e  (MCB Chemical Company) was s a tu ra te d  w ith  sodium 
c h lo rid e  and f i l t e r e d .  This s a tu ra te d  so lu tio n  was e x tra c te d  
tw ice w ith  m ethylene c h lo r id e . A fte r  fu r th e r  s a tu ra t io n  o f  the 
aqueous la y e r , i t  was again  e x tra c te d  w ith  m ethylene c h lo rid e .
The m ethylene c h lo r id e  e x tr a c ts  were evaporated to  g ive a deep 
yellow , th ic k  syrup which s o l id i f i e d  a f t e r  stand ing  a t  room 
tem perature o v e rn ig h t. This polym eric g lu ta ra ldehyde  was de­
polym erized by h e a tin g  and d i s t i l l e d  a t  ^5-55°C/0.ImmHg 
ju s t  befo re  i t s  use fo r th e  subsequent re a c tio n s .
I I I -B . P re p a ra tio n  of v- th io p y ra n .
A s o lu tio n  o f  100 g. ( l.O  mol) o f g lu ta ra ldehyde  in  
500 ml o f d ichlorom ethane was p laced  in to  a l l .  th ree-necked 
round-bottom ed f la s k , f i t t e d  w ith  a gas i n l e t ,  gas o u t le t ,  and 
a  thermometer. The s o lu tio n  was cooled to  -^0°C; then a m ixture 
o f  H2S/HCI in  1:2 r a t i o  was passed  over th e  su rfa c e  o f  th e  so lu ­
t io n  fo r  about 5 hours. During th is  time the  tem perature o f  the 
so lu tio n  was m ain tained  a t  -20°C to  -30°C. Then, the  so lu tio n  
was cooled to  -65°C and th e  ic e  formed in  the  re a c tio n  was 
qu ick ly  f i l t e r e d  o f f .  The f i l t r a t e  was l e f t  a t  room tem perature 
over anhydrous magnesium s u l f a te .  A fte r f i l t r a t i o n ,  the m ethylene 
c h lo rid e  was removed by passin g  a n itro g e n  stream  over the  mix­
tu re ,  p rov id ing  a th ic k  yellow re s id u e . N ,N -d ie th y la n ilin e  
(300 g . ,  2 ,0  mol) was q u ick ly  added and th e  m ix ture  was heated  
to  135°C fo r  30 m inu tes, then  cooled to  80°C and the  y 'th io p y ra n  
was d i s t i l l e d  o f f  a t  if0-80°C/13 mmHg. The h ig h ly  u n stab le  V" 
th iopyran  was converted  d i r e c t l y  to  th e  te trab rom ide  w ithou t
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fu r th e r  p u r i f ic a t io n .
III -C . P re p a ra tio n  o f 2 ,5 .5 ,6 -te trab ro m o te trah y d ro th io p y ran  (172).
The v -th iopy ran  ob tained  from the above re a c tio n  was 
d isso lv ed  in  75 ml o f chloroform  and cooled in  a dry ice -ace to n e  
bath to about -40°C. A so lu tio n  o f 10 ml o f bromine in  75 ml 
o f  chloroform  was added u n t i l  the r e a c t io n  m ixture remained red - 
brown, The p re c ip ita te d  tetrab rom ide was imm ediately f i l t e r e d  
o f f .  E vaporation o f the  f i l t r a t e  gave a brown re s id u e  which 
was washed w ith  chloroform  and then f i l t e r e d .  The crude res idue  
was re c ry s ta l l iz e d  from carbon te t r a c h lo r id e  to  o b ta in  w hite 
need les , 30*27 g* (7 *3$, based on g lu ta ra ld e h y d e ), m.p. 132- 
134°C ( L i t .63, l43 -l44°C ). NMR, 5™ ci3 : 5*2 J=s5Hz, 2H&);
4 .7  (dd, J=5,4.5Hz 21^); 3*0 ( t ,  J -4 .5 ,  2H .).
III-D . P re p a ra tio n  o f 2 .5 .5 .6 - te trab ro m o te trah v d ro th io p v ran -1 .1 - 
d iox ide  (173).
A suspension  o f  12.54 g. (0.05 mol) o f  2 ,3 ,5 ,6 - t e t r a -  
brom otetrahydroth iopyran  in  a m ixture o f  g la c ia l  a c e t ic  acid  
(200 ml) and 40 ml of a c e t ic  anhydride was ox id ized  to  the  s u l ­
fone 173 using 30# hydrogen perox ide . The suspension was 
heated to  70° and under s t i r r i n g  30# hydrogen peroxide was added 
slow ly a t  such a r a te  th a t  the  tem perature  remained a t  70 + 2°C 
w ithout e x te rn a l h e a tin g . When a l l  th e  s o l id  was d isso lv e d  and 
th e  tem perature o f the re a c tio n  m ix ture  dropped upon fu r th e r  
ad d itio n  o f 30# HqOz , th e  tem perature o f  the re a c tio n  m ixture 
was m aintained a t  70°C by ex te rn a l h e a tin g  and se v e ra l drops 
o f the peroxide were o cca s io n a lly  added. The p rog ress o f the
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re a c tio n  was m onitored by th in  la y e r  chromatography ( t i c ) .  The 
tem perature should not be r a is e d  u n t i l  the s ta r t in g  m a te r ia l is  
com pletely  ox id ized ; o therw ise  u n co n tro lled  decom positions occur.
I t  u su a lly  req u ired  two days fo r  the  complete o x id a tio n  o f s t a r t in g  
m a te r ia l  to the  su lfo x id e  in te rm ed ia te . Then, the tem perature 
o f  the  m ixture was ra is e d  to  100°C and 30$ HaO  ^ was o ccasio n a lly  
added u n t i l  the su lfo x id e  was no t d e tec ted  by t i c .  [The R^ 
values ( s i l i c a  ge l/benzene , 10 cm p la te )  s u l f id e :  0 .7 ; su lfone :
0 .3  and su lfo x id e : 0 .1 ] Then, th e  m ixture was cooled to  room
tem perature and the  so lu tio n  was te s te d  fo r excess p e rac id  by 
shaking an aqueous KI so lu tio n  w ith  carbon te t r a c h lo r id e .  Re­
moval o f  the  so lv en t in  vacuo provided a yellow so lid  re s id u e  
which was washed w ith  a sm all amount o f  methanol and then fu r th e r  
p u r if ie d  by column chromatography ( s i l i c a  gel/benzene) to g ive
7.07 g. (60$) o f  172 m-P- 180-182°C (L it.03, I8 l- l8 l.5 °c ) .
I I I -E .  P re p a ra tio n  o f /v -th iopyran-1 . 1-d lox ide  (97).
A s t i r r e d  suspension  o f 2 .0  g. o f z inc  powder and
36 .0  g. (0 .08 mol) o f  2 ,3 ,5 ,6 -te trab ro m o te trah y d ro th io p y ra n -
1 ,1 -d iox ide 173 in  200 ml o f 90$ e thano l ( in  a  n itro g en  atmos­
phere) was g rad u a lly  heated  to  b o ilin g . The h ea tin g  source was 
removed and 22 g. o f  z inc  d u st were in troduced  a t  such a r a te  
th a t  the  re a c tio n  m ixture kept b o ilin g . A fte r  the  a d d itio n  o f 
z inc  d u s t was com plete, the  re a c tio n  m ixture was re flu x ed  fo r  
one more hour during  which i t s  appearance turned  from brown to
The nmr spectrum  conformed the  s t ru c tu re .  5TMSCD3COCD3 :: 5 M  (d ,
J«UHz, 2Hc ).J -5 .5  Hz, 2H ) ;  UA,3
green. The m ixture was cooled to  0°C and f i l t e r e d .  The l ig h t  
yellow f i l t r a t e  was concen tra ted  in  vacuo to  give a brown o i l  
which was in te n s iv e ly  s t i r r e d  w ith  100 ml o f w ater fo r one hour. 
The in so lu b le  yellow  s o l id  was f i l t e r e d  and washed w ith a sm all 
amount o f w ater.
The f i l t r a t e  was a c id if ie d  w ith  concen tra ted  hydroch lo ric  
ac id  and e x tra c te d  four tim es w ith  chloroform , 25 ml each.
The aqueous la y e r  was then s t i r r e d  w ith  benzene fo r  12 hours.
The combined benzene and chloroform  e x tra c ts  were d ried  over 
anhydrous magnesium s u l f a te ,  f i l t e r e d  and concen tra ted  to  g ive 
a brcwn o i l  which c ry s ta l l iz e d  in  th e  r e f r ig e r a to r .  P u r i f ic a ­
t io n  by column chromatography ( s i l i c a  gel/benzene) gave 4 .0  g. 
(40#) o f  pure (100), m.p. 55-56°C (L it8 3 : 56 ~  57°C). NMR,
5c s c i3 : 3 ' k 2 > (bd’ 2V '  6 ,28  (m’ 2H)’ 6 ,6  fm’ 2H)*
I I I -F .  Synthesis o f dim ethyl 2 ,2 -d io x id o -2 - th ia b ic y c lo [2 .2 .21  
o c ta -5 .T -d ien e -5 . 6 -d ica rb o x y la te  ( 102).
A m ix ture  o f  1 .2  g. (1 .09  mmols) o f a - th io p y ra n -1 ,1 
d iox ide  (97) and 2 .5  g. (1 .J6  mmol) o f dim ethyl a c e ty le n e d ic a r-  
boxy late  was kep t a t  100°C under n itro g en  iri vacuo fo r 60 hours. 
The progress o f th e  re a c tio n  was followed by nmr. A fte r 3 
hours, 10# o f  102 was formed; a f t e r  24 hours, 60# and a f t e r  
60 hours, the nmr s ig n a ls  fo r  the s t a r t in g  th io p y ran -1 ,1 - 
d iox ide  (97) had d isappeared . Excess dim ethyl ace ty len e  d i ­
carboxy la te  was removed in  vacuo. The dark brown res id u e  
c ry s ta l l iz e d  from 5 o f  e th y l a c e ta te  a t  -20°C, p rov id ing  
1.62 g. (60#) of the  b ic y c lic  su lfo n e  102 . R e c ry s ta ll iz a tio n
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from e th y l a c e ta te  gave c o lo r le s s  c ry s ta l s ,  m.p. 108- 110° ; i r ,
1T55 (-COOCH3 ) ,  1652, 1656 (double bonds), I305 and I I 55 cm' 1max
(S Q s-stre tch ing  v ib ra t io n ) ;  nmr, 6^ ^ ^ :  2.75  (d, J ,  2 . 7Hz),
2 .77  (d , J ,  3.0Hz, -Clfe-SOa-); 3 .85 (s , -COOCH3 ) ;  4.32 (brdq, J ,  
5 .5 ; 3 -0  Hz, H-4); 5.06 (dd, J ,  5 . 5 ; 2.0Hz, H -l) ; 6.67  ( m ,  H-7 
and H-8 ) .
Anal. Calcd. fo r  C ^H ^O sS : C, 48.53; «, 4 .44 ; 0, 35-27;
S, 11.75; (MW, 272). Found: C, 48 .59 ; H, 4 .2 3 ; S, 12.00 (MW-
MS. 272).
I I I -G . Thermolysis o f dim ethyl 2 ,2 -d io x id o -2 -th ia b ic y c lo  f2 ,2 .2 1- 
o c ta -5 . 7 -d ie n e -5 . 6 -d ica rb o x y la te  ( 102).
In  a  pyrex tube , se a le d  w ith  a septum, 200 mg of 102 
were heated  fo r  10 m inutes in  vacuo a t  220-225°. With a sy rin g e , 
a 3 ®1 gas sample was taken  from th e  tube and su b je c ted  to  GC-MS 
a n a ly s is  using an 8 * porapak-S column w ith  tem perature p rogram ing  
between 60° and 200° w ith  6° p e r m inute. S u lfu r  d iox ide  was 
the  only gas d e te c ted  by GC, being id e n t i f ie d  by MS spectroscopy . 
The nmr spectrum  o f  the  brown, o i ly  re s id u e  (156 mg) in d ic a te d  
a m ixture o f a t  l e a s t  3 components. The GC-MS a n a ly s is  using 
a 12* SE-30 column a t  200° th re e  w e ll-re so lv ed  bands were found 
in  th e  GC tra c e . The f i r s t  e lu te d  component shewed a mass- 
s p e c tra l  p a tte rn  id e n t ic a l  w ith  th a t  o f dim ethyl p h th a la te  102 a s .
Lew re so lu tio n  MS [70 eV, ra/e ( in te n s i ty ) ]  peaks >  2$ of 
the  base peak a re  recorded .
2nd band: 208 (3 .6 ); 2 0 7 (4 .5 ); 195(14.l ) ;  178(3 . 6 ) ;  177(34.0);
176(31 . 8 ) ;  16 4 (3 .2 ); 163(6 . 8 ); 161 (9 .1 ); 150( 11. 8 ) ;  149(100);
11*8(10.0); 133(11*. 1 ); 121(6 . 8 ) ;  119(27-3); 118(24.0); 
106(6 . 3 ) ; 105(28 . 6 ); 92 (7 -3 ); 91 (72 .7 ); 90(43 . 0 ); 89(29 .6 ); 
79(1*.l ) ;  7 8 (9 .5 ) ;  7 7 (2 3 .2 ); 6 5 (1 3 .2 ); 6 4 (6 .4 ); 63 (21 . 0 ); 
62 (6 . 8 ); 5 9 (2 5 .5 ); 51(11.**); 5 0 (4 .6 ) ; 4 5 (4 .1 ) ; 39 (13 -7 ); 
15( 11. 8 ).
3 rd band: 208(2 .4  ; 2 0 7 (2 .4 ); 195 (2 .6 ); 177(1**.8 ); 176( 12. 0 ) ;
164(2 .6 ); 163(2 . 2 ) ;  161(2 . 8 ); 150(10.5); 149(100); 148(4 .1 ); 
147(4 .8 ); 133 (7 .2 ); 121(6 . 1) ;  119(9*5); 118(10. 0 ); 106(3 .3 ); 
105(11.1); 9 2 (3 .0 ); 91 (33 .0 ); 9 0 (1 7 .6 ); 89 (15 .7 ); 7 9 (2 .6 ) ; 
7 9 (3 -5 ); 77 ( 12. 0 ) ;  6 5 (4 .6 ); 6 4 (3 .0 ) ; 6 3 (9 -3 ); 62 (3 .3 ) ; 
59( 10. 2 ); 5 1 (5 .0 ); 3 9 (6 .5 ) ; 1 5 (9 .3 ).
The therm olysis product (150 mg) were chromatographed on 
a s i l i c a g e l  column (le n g th , 20 cm; d iam eter, 1 cm) using benzene 
as e lu t in g  so lv en t and tak ing  2 ml f r a c t io n s ,  using  a f r a c t io n  
c o l le c to r .  F rac tio n s  1 to  40 were f re e  o f  o rgan ic  m a te r ia l.
The amount and com position o f  m a te r ia l  recovered from f ra c tio n s  
4 l  to  170 were:
f ra c tio n s  4 l  - 50 (11 mg)
51 - 70 (33 mg)
7 1 - 9 0  (21 mg)
91 - 120 (20 mg)
121 - 170 (6 mg)
The nmr spectrum o f  compounds 109 > 111 and 112 a re  sum­
m arized in  the  fo llow ing :
TMSdim ethyl c y c lo h e p ta tr ie n e - l ,2 -d ica rb o x y la te  ( 109) :  :
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2 .52  (d, 2H, J=T.O Hz, C-7 p ro to n s ) , 3 .7 9  (s , 3H, CCbMe), 3.81
(s , 3H, CPgMe), 5*1*8 (d t , 1H, J«8 . 8 , 7 .0  Hz, C-6 p ro to n ), 6.33
(d t ,  1H, J=8 . 8 , 3 -0  Hz, C-5 p ro to n ), 6 .82 (brd , 2H, J*3*0 Hz, C-3
and C-4 p ro to n s). Subsequent f ra c tio n s  provided in c re as in g
amount o f dim ethyl c y c lo h e p ta tr ie n e - l ,7 -d ica rb o x y la te  f i l l )
6CDC13 : 3 *61 ( s ’ 3H’ CQ2Me5> 5*81 (s , 3H, COOMe), i* .l8 (d,
1H, J=8.0  Hz, C-7 p ro to n ), 5.91  (brdd, 1H, J -8 .0 ,  10 Hz, C-6
p ro to n ), 6 .42  (brdd, 1H, 7=10, 6 Hz, C-5 p ro to n ), 6 .64 (brdd,
1H, J=10, 6 .0  Hz, C-3 p ro to n ), 6.84 (dd, 1H, J=10, 6 Hz, C-4
p ro to n ), 7 .38  (brd , 1H, J=6,0  Hz, C-2 p ro to n )]  and dim ethyl
TMSc y c lo h e p ta tr ie n e -2 ,3 _d ica rb o x y la te  ( 112) 6^ ^  : 2 .45 (dd,
2H, J=6.5» 7-5 Hz, C-7 p ro to n s) , 3*74 (s , 3H, C02Me), 3*82 (s ,
3H, COfeMe), 5.86 (d t ,  1H, J-9.5, 7 Hz, C-6 p ro to n ), 6.35 (dd,
1H, j=9.5, 5 .5  HZ, c-5 p ro to n ), 6.52 ( t ,  1H, J^r.5 Hz, C -l 
p ro to n ) , 7.65  (d , 1H, J”5.5 Hz, C-4 p ro to n )] .
I II-H . Thermolysis o f  a  m ixture o f  compounds 103 . 109 . I l l
and 112 .
H eating o f  a m ixture o f 103 (11$), 109 (19$)» H I  
(29$) and 112 (1*4$) in  a non-sealed  g la ss  tube a t  220-225°  fo r 
1 hour gave th e  follow ing m ixture o f compounds:
103 - 10$
111 - 6$ 7$
113 - 45$ 100$ 50$
114 - 39$ 43$
The nmr a n a ly s is  was performed by e le c tro n ic  in te g ra t io n  o f  the
carboraethoxy reg ion  using  a 60 MHz Perkin-E lm er R-12 in strum en t.
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The d a ta  a re  le s s  r e l i a b le  than  th e  one performed on the  HR-100 
in strum en t.
I I I - I .  Therm olysis o f a m ixture o f compounds 103 . 109 . I l l
and 112 .
A m ix ture  o f 10^ (28$), 10£ (33#), 111 (2996) and
112 (10$) was heated  in  a sea led  g la s s  tube a t  220° fo r  20 and
60 m inutes, re s p e c tiv e ly . NMR analyses (100 MHz, Varian HR-100) 
by e le c tro n ic  in te g ra t io n  o f  the  carbomethoxy reg ion  gave the 
fo llow ing com position o f compounds:
I n i t i a l
Compound Composition 20 min. a t  220° 60 min. a t  220°
____________________________ W _____________________( * ) _______________________ f f l
105 28 30  30
109 53 6 7
111 29 31 30
112 10 33 33
I I I - J .  Therm olysis o f compound 102 w ith  cyclododecene.
A m ixture o f 30 nig o f  compounds 102 and 85 mg o f
cyclododecene were heated  in  a  nmr tube fo r  10 m inutes a t  220°.
E le c tro n ic  in te g ra t io n  o f th e  100 MHz nmr spectrum  o f the  r e ­
s u l t in g  m ix ture  showed the  same r a t i o  o f  compounds 103 » 109 »
111 and 112 as was observed fo r the  therm olysis  o f 102 a lone .
III-K . Therm olysis o f compound 102 w ith  11^ .
A m ixture o f 102. (33 mg) and 11^ (lj-0 mg) was th e r -  
molysed a t  220° fo r  10 m inutes. E le c tro n ic  in te g ra t io n  o f the 
carbomethoxy reg ion  in  the  nmr spectrum (100 MHz) gave e s s e n t ia l ly
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the same com position o f compounds 1Q3 , 109 , 111 and 112
as found fo r  the  therm olysis o f 102 alone.
I I I -L . Thermolysis of d im ethy l-2 ,5 -no rbo rnad iene-2 .5 -d ica rboxy - 
l a t e  ( l l 4 ) .
About 100 mg o f 114 were heated to  230° fo r 10 
m inutes. Nmr a n a ly s is  in d ic a te d  no change during the p y ro ly s is  o f
(114).
III-M . C a ta ly tic  hydrogenation o f 102 .
A suspension o f 25 mg. o f  5$ Pd/C c a ta ly s t  in  5 ml 
o f  reag en t grade methanol was p laced  in to  a red u c tio n  f la s k , 
which was flushed  f i r s t  w ith  N2 then  f i l l e d  w ith  H2 . Under s t i r r i n g ,  
109 mg. (0 .4  mmol) o f 102 in  25 ml o f methanol were added by 
in je c t io n  in to  the red u c tio n  f la s k  w ith  a  sy rin g e . The m ixture 
was s t i r r e d  fo r 3 hours, f i l t e r e d  and th e  so lu tio n  concen tra ted  
to  provide a yellow syrup . C ry s ta l l iz a t io n  from e th y l a c e ta te  
gave p a le  yellow c ry s ta l s ,  which were id e n t ic a l  w ith  102 by nmr.
The same o p e ra tio n  was repeated  w ith  Pt20 as the  c a ta ly s t .
Again, only the s ta r t in g  m a te ria l was recovered.
III-N . Dimethyl 2 .2 -d io x id o -2 - th ia b ic y c lo - f2.2.21 -o c ta -7 -ene-5 .6 - 
d ica rb o x y la te  (122).
A m ixture o f 2 .0  g. (15 mmol) o f (* -th iopy ran -l, 1- 
d iox ide (9T) and 2.88 g. (24 mmol) o f dim ethyl m aleate in  a pyrex 
tube was flushed w ith  n itro g e n , evacuated and then  heated  to
110-120°C fo r 75 hours. The p rogress o f the re a c tio n  was m onitored 
by t i c .  Excess m aleate was e x tra c te d  w ith  chloroform  and the 
CHC13 - in so lu b le  yellow s o l id  was r e c r y s ta l l iz e d  from e th y l
a c e ta te  to  give 1.55 g. o f  122 . E vaporation o f the  mother l iq u id  
under h igh vacuum and r e c r y s ta l l i z a t io n  from e th y l a c e ta te  gave 
ano ther 0.5  g. o f  -122 , a t o t a l  o f 2.05  g. (49$), m.p. I 5I - I 530 ; 
i r ,  v ^  1725 ( - C O O C H 3 ) ;  1280 and 1120 cm-1 (S Q a-s tre tch in g ).
Nmr’ ^DtE0-d: ^*17 (ddd> dis> 2 .0 ; J i 6 , 2 .0 ; J iy ,  6 .0  Hz, H -l) ;
2 .86  (dd, J34, 2.5,* J3a,3 b» 15.0 Hz, H-3; 5 .22  (dd, J3 , 4 , 2 .5 , 
d3a,3b» 13 .°  Hz, H-5; 3 .55* (H-4 and H-5 ) ;  5-92 (dd, J s , i ,  1 .8 ;
J s , s , 10.5 Hz, H-6); 6 .4* (h-T and H -8); 3-57 (C5 -C00CH3 ); 3 .56 
(C6-C00CH3 ) .  *Complex m u lt ip le t  w ith  th e  c e n te r  o f AB p a r t  given. 
The mass spectrum  70 eV, m/e ( in te n s i ty )  27 4 (0 .7 ), 2*1-3(9-2), 210
( 18. 0 ) , 151(20 . 0 ) , 150(51. 7 ) ,  118 (8 .3 ), 105(4 .67), 91( 100) , 6*1-(3 .7 ) ,  
59 (30 . 0 ) ,  4 4 (3 .6 ) , 3 1 (1 .3 ) , 1 5 (7 .3 ).
Anal. Calcd. fo r C nH i406S: C, 48 .17; H, 5 .11 ; 0, 35 .04 ;
S, 11.68. Found: C, 48.29; H, 5 .15 ; S, 11.80.
I I I - 0 .  Therm olysis o f  D im ethyl-2. 2 -d io x id o -2 - th ia b ic y c lo -f2 .2 ,21  - 
o c ta -7 -e n e -5 ,6 -d ic a rb o x y la te  (1 2 2 ).
A pyrex tube sea led  w ith  septum co n ta in in g  300 mg.
( 1.09  mmol) o f 122 was flu shed  w ith  n itro g e n  then  evacuated and 
p laced  in to  an o i l  ba th  preheated  to  225°C fo r 5 m inutes. The 
nmr spectrum  o f  the  therm olysis m ix ture  showed only s ig n a ls  fo r 
the  s t a r t in g  m a te r ia l 122 .
R e p e titio n  o f the procedure a t  250°C and 275°C gave s im ila r  
r e s u l t s  as described  above. The pyrex tube was then placed in to  
a sand b a th , p reheated  to  300°C, fo r 3 m inu tes. A b lack - 
re s id u e  and a green yellow o i l  formed on th e  w a ll o f  the  tube.
From th e  gas phase, a 3 ml sample was sub jec ted  to  GC-MS, (column;
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3 ' ,  porapak-S, 70°C/200°C, 6°C /m in.). MS(70ev.) . The GC-trace 
in d ic a te d  se v e ra l components which on th e  b asis  o f th e i r  mass 
sp e c tra  were id e n t i f ie d 86 a s : methyl a c e ta te , carbon d iox ide ,
e thane: m ethyl e th e r , s u lfu r  d io x id e , butane and dimethyl
e th e r .
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The green-yellow  o i l  shewed i r  bands a t  v *iq u id  3000.
max ^  ’
1850, 1800, 1750, ik 3 0 , 1270, 1220, 1125, 1080, 900, 635 CM-1.
However, not enough m a te ria l was a v a ila b le  to  run an nmr spectrum . 
The i r  bands fo r  th e  b lack  re s id u e  w ere: v 2950, 1750 ,
1^50, 1375) 75C> 720 CM”1, The combined s o l id  and l iq u id  re s id u e  
were p u r i f ie d  by p re p a ra tiv e  la y e r  chromatography w ith  benzene 
as th e  developing so lv en t g iv ing  four m ajor reg ions o f m a te r ia l. 
E x tra c tio n  o f the  four bands w ith  m ethanol, f i l t r a t i o n  o f  the  
s i l i c a  g e l and evapo ra tion  of the  so lv en t gave the  follow ing 
r e s u l t s :  The f i r s t  two bands con tained  only very sm all amounts
o f  o rgan ic  m a te r ia l .  The top band o f  low est p o la r i ty  gave 15 mg, 
the  th i r d  band provided 25 mg, and th e  fo u rth  band 30 nig of 
syrup . The in d iv id u a l bands, d isso lv ed  in  CHC13 , were sub­
je c te d  to  GC. I t  was shown th a t  they  rep re sen ted  m ixtures o f 
se v e ra l compounds. The top band contained  two components, and 
th e  o th e r  bands 5 components each. The nmr sp e c tra  o f  th e
f f T L lO
o rgan ic  re s id u es  o f each band fo llow : Top band: :
CDCI3
1.25 ( s ) ,  1 .7 0  ( s ) ,  2.15  ( s ) ,  2 .3 2  ( t ) ,  3 .1 6  (d ) , 3 .3 8  ( s ) ,
3 .9 0  ( t ) ,  6 .22  ( s ) ,  7 .26 ( s ) .  Third band: 6 ™ ^ :  1.26 (2H, 
t ) ,  1.56 (1H, b . s . ) ,  2.15 (1H, s)„ 2 .38 (2H, s ) ,  2 .62 (1H, s ) ,
3 .7  (2H, b s ) , 3 .9  (2H, s ) ,  7.25 (2H, s ) ,  7-38 (2H, s ) ,  J .b  (1H, 
d d ), 7 .8 5  (1H, s ) .  The fo u rth  band: : 1.25 (1H, b s ) ,
2 .0  (1H, s), 2.3 (2H, s), 2.68 (1H, s), 3.65  (*•«, m), 3-86 (3 H, t ) ,
6 .0  (1H, bm), 7 .4  (2H, s ), 7.65  (2H, dd).
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I I I - P .  R eaction o f  /v -th io p y ran -1 ,1 -d iox ide  (97) w ith  v iny l 
trimethylamnonium brom ide.
In a pyrex tube , 130 mg. ( l  mnol) o f compound 97 
were mixed w ith  166 mg. ( l  nmol) o f v iny l trimethylanraonium 
bromide, flushed  w ith  N2 , evacuated and heated  to  110-120°C fo r  
17 hours. The re a c tio n  m ixture was worked up by d is so lv in g  un­
reac ted  ammonium bromide in  H^ O and f i l t r a t i o n  o f the  H2O- 
in so lu b le  so l id . The nmr spectrum  o f the o rganic  re s id u e  in ­
d ica te d  th a t  no cy c lo ad d itio n  products were formed. R ep e titio n  
o f  the  same re a c tio n  by h e a tin g  compound %]_ and the 
v iny l tr im e th y l ammonium bromide in  p-dioxane under re f lu x  fo r 
3 hours, gave s im ila r  r e s u l t s .
III-Q . P re p a ra tio n  o f 2 .2 -d io x id o -2 - th ia b ic y c lo  T2.2 .2 1octa-7 - 
en e-3 .6 -d ica rb o x y lic  anhydride ( 132) .
In  a 10 ml round-bottomed f la s k , I .30  g. (10 mmol) 
o f the  a - th io p y ra n -1 , 1-d io x id e  (97 ) and I .30  g. (13 mmol) o f 
m aleic  anhydride were mixed, th e  f la s k  was flushed  w ith  n itro g en  
and then  evacuated . The f la s k  was heated  to  110°C fo r  2 hours.
F i r s t ,  the  s t a r t in g  m a te r ia ls  m elted , then a p a le  yellow s o l id  
was formed. A fte r co o lin g , excess m aleic  anhydride was r e ­
moved by e x tra c tio n  w ith  chloroform  and th e  re s id u a l  s o l id  
was r e c r y s ta l l iz e d  from e th y l a c e ta te  to  g ive 2 .049 g. (89-9$)
o f compound 132 , m.p. 277-278°C; i r ,  v 3500, i860, l8?0 ,max
1780, 11*0 0 , 1300, 1230, 1220, 1120, 1090, 1000 , 940, 78O, 750 ,
685 . CM"1 ; nmr, : H -l: 4 .07  (br dd J i , Si 2 .0 ;  J i , y ,
5 .2  Hz, H -l) :  2 .82^(b  dd J3a ,4 » 4 .0 ; J3a ,3 b> 13*0 Hz, H-3a ) :
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5 .17 (br dd J3b ,4 , 2 .0 ; J3a>3 b, 13.0  Hz, H-3b ): 3-42* (h-4 and
H-3): 3 .76 (dd J 6>1, 2 .0 ; J5 , 6 , 10.5 Hz, H-o): 6 .4* (H-7 and
H-8).
# M u ltip le t appearing as a b r . doublet ( J :2 .0 ;  5 . 2 )
* Complex m u ltip le t  w ith  the c e n te r  o f the AB p a r t  g iven . Mass
apectrum (70 ev) showed p aren t mass a t  m/e ( in te n s i ty )  168 (0 .8 )
and base peak a t  55 , in ten se  peaks a t  18 (6 .9 ) , 45 (3*7), 52 (5 -6 ) ,
64 (4 .0 ) , 66 ( 9 .9 ) ,  91 (2 .6 ) , 92 (80 ), 9b (4 .6 ) , 166 (3 . 3 ), 168 
(0 .8 ).
Anal, ca lcd , fo r C9H805S: C, k j . 31;  H, 3-51; S, 14,04; 0, 35 .09 ;
Found: C, 1*7.25; H, 3 .52 ; S, 14.13.
I I I -R . H ydrolysis o f compound 152 .
In  a round-bottomed f la s k , 350 ml o f 10$ hydroch lo ric  
acid  were added to  1.530 g. (6 .7  nmol) o f anhydride 152 . The 
suspension  was s t i r r e d  a t  90°C fo r 24 hours, slow ly forming a 
c le a r  so lu tio n . Removal o f  most o f  th e  w ater in  the high vacuum 
gave th e  d ia c id  l ^  which was used fo r the  subsequent e le c t r o ly s i s -  
decarboxy la tion  re a c tio n s  w ithou t fu r th e r  p u r i f ic a t io n .  Complete 
removal o f  w ater a t  e lev a ted  tem perature a f t e r  hy d ro ly sis  re s u lte d  
in  the  reform ation  o f the anhydride 152 .
I I I - S .  E le c tro ly s is  decarboxy la tion  o f compound 155 .
In  an e le c t ro ly s is  f la s k , 1.3 g. o f th e  d ia c id  155 
in  5 ml o f w ater, 5 ml of tr ie th y la m in e  and 48 ml of p y rid in e  
were mixed96’ 97’ 98. The f la s k  was equipped w ith  two platinum  e le c ­
tro d e s , a n itro g e n  i n l e t ,  a re f lu x  condenser, and a magnetic 
s t i r r e r .  The f la s k  was flushed  w ith  N2 fo r  5 m inutes and then
the  e le c t ro ly s is  was s ta r te d  a t  13h v o l ts .  During th e  e le c t r o ly s i s ,  
the system  was con tinuously  s t i r r e d  in  a n itro g e n  atm osphere 
under re f lu x . The c u rre n t dropped from 0.14 ampere to  0.01 
ampere a t  13 -^ v o l ts .  At th e  end o f 10 hours, the  brown so lu tio n  
turned b lack . Evaporation o f  th e  so lv en t gave a b lack  re s id u e , 
the  nmr spectrum  o f  which d id  not in d ic a te  the  form ation of 
th e  d e s ired  decarboxy la tion  product 100 . An experim ent using 
th e  te t r a a c e ta te  decarboxy la tion  method113 was a lso  c a r r ie d  out 
w ithou t success .
I I I - T .  R eaction o f n> -th iopyran-l. 1 -d iox ide  (97) w ith  methane- 
su lfo n y l c h lo r id e / tr ie th y la m in e .
In a round-bottom ed f la s k , f i t t e d  w ith  a magnetic 
s t i r r e r ,  a d d itio n  funnel and re f lu x  condenser, 260 mg (2 mmol) 
o f  c r th io p y ra n -1 ,1-d iox ide  (97) in  10 ml o f f re s h ly  d i s t i l l e d  
p-d ioxane, and 202 rig. (2 nmol) o f  tr ie th y la m in e  were mixed.
Under s t i r r i n g  230 mg. (2 nmol) o f m ethanesulfonyl c h lo rid e  was 
slowly added and then  allowed to  s t i r  a t  room tem perature fo r 
ano ther 16 ho u rs . The re a c t io n  m ix tu re  was then  poured in to  a 
beaker w ith  ic e -w a te r . The aqueous phase was s t i r r e d  fo r  a 
few m inutes. E vaporation o f the  so lv en t provided a b lack  re s id u e  
which was s t i r r e d  w ith  30  ml of w ater and then e x tra c te d  tw ice 
w ith  25 ml o f e th e r  and 25 ml o f chloroform . The combined e th e r  
and chloroform  e x tra c ts  were evaporated g iv ing  a brown re s id u e , 
th e  nmr spectrum  o f which was id e n t ic a l  w ith  the  s t a r t in g  m a te r ia l .  
97 .
In  a c e to n i t r i t e  a t  -40°C the re a c tio n  gave analogous r e s u l t s .
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III-U . R eaction o f 1-methoxv-1.5 -bu tad iene  w ith  m ethanesulfonvl 
c h lo r id e /tr ie th v la m in e .
To a so lu tio n  o f 0 .42 g. (0*5 nmol) o f  1-methoxy- 
1 ,3 -bu tad iene  and 0.606  g. (0 .6  tnmol) o f  tr ie th y la m in e  in  50 ml 
o f  anhydrous e th e r , was added dropwise under s t i r r i n g ,  a s o lu ­
t io n  o f 0.684 g. (0 .6  nmol) o f m ethanesulfonyl c h lo r id e  in  30 ml 
of anhydrous e th e r . The r e s u l t in g  m ix ture  was then s t i r r e d  fo r  
12 hours. The brown p r e c ip i ta te  was f i l t e r e d  o f f  and the  s o l ­
vent removed from the  f i l t r a t e ,  prov id ing  a dark  brown syrup, 
th e  nmr spectrum  o f which gave no in d ic a tio n  o f  cy c lo ad d itio n  
p ro d u c ts .
IV. R eaction o f D-Camphor-10-sulfonyl C hloride and Camphane-1 0 -su lfo n y 1
ch lo rid e  w ith  tr ie th y la m in e
IV-A. P rep ara tio n  o f  D -cam phor-10-sulfonyl c h lo rid e  (157).
In  a round-bottomed f la s k , f i t t e d  w ith  a conderser 
and a dry ing  tube, 25 g. (0.108 mol) o f D -cam phor-10-sulfonic 
acid  was mixed w ith  20 ml o f th io n y l c h lo r id e . The m ixture was 
heated  u n t i l  homogenous and kep t re f lu x in g  fo r  2 hours.
The re a c tio n  m ixture was cooled to  room tem perature  and 
poured in to  a beaker w ith  ic e  to  hydrolyze the  excess th io n y l 
c h lo rid e . The p a le  yellow crude product was f i l t e r e d  by su c tio n  
and r e c ry s ta l l iz e d  from cyclohexane to  g e t 21 g. (77$) o f  p a le  
yellow c r y s ta l s ,  m.p. 51~57°C. L i t .  5°"57°C114. The nmr 
spectrum confirm ed th e  s tru c tu re  o f the D -cam phor-10-sulfonyl 
ch lo rid e  (137). 5 ^ ^ :  4.05 dd ( j - l 4  Hz, 2H)*; 2 .5  ~  1.6 (e^ lo p )
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1.16 (a, 3H); 0 .9  ( s ,  3H).
* dd w ith c e n te r  g iven .
IV-B. R eaction of D -cam phor-10-sulfonyl ch lo rid e  w ith  t r i e t h y l ­
amine in  e th e r .
In  a 3 -necked round bottomed f la s k , f i t t e d  w ith 
dry ing  tube , a d d itio n  funnel and a m agnetic s t i r r e r ,  5.02 g.
(20 mmol) o f the D -cam phor-10-sulfonyl c h lo rid e  were d i s ­
solved in  175 ml o f anhydrous e th e r  under n itro g e n . T r ie th y l­
amine (b .2k  g . ,  k-2 mmol) in  30 ml o f anhydrous e th e r  was added 
dropw ise. A fte r  com pletion o f the  a d d itio n  o f tr ie th y la m in e , the 
n itro g e n  was turned  o f f  and the  m ix tu re  was s t i r r e d  fo r ano ther 
16 hours. During the  ad d itio n  o f tr ie th y la m in e , a w hite  s o l id  
was formed.
At the  end of the  16 h r s . ,  the  s o l id  was f i l t e r e d  o f f  to 
g e t k.019 g* o f  the  s o l id .  The nmr and i r  spectrum  o f i t  showed 
th a t  th e re  were triethylanm onium  c h lo rid e  and triethylanm onium  
cam phor-10-sulfonate. The p a le  yellow  f i l t r a t e ,  upon evapora­
t io n  o f a l l  th e  so lv e n t, k.O g. o f  brown th ic k  syrup was ob­
ta in e d . The th in  la y e r  chromatography ( t i c )  o f  the  syrup, 
developing in  benzene, shewed two d i s t in c t  sp o ts , f i r s t  w ith  
R^ o f  0.1j6 and second o f R^ 0.37 and a sp o t a t  o r ig in a l  p o in t 
which was ammonium s a l t  in  10 cm s i l i c a  g e l p la te .  The 
syrup was p u r if ie d  by column chromatography in  s i l i c a  gel 
w ith  benzene/ethy l a c e ta te  (1 2 /1 ). D iffe re n t f ra c tio n s  were 
c o lle c te d . From 3 .8  g. o f th e  sy rup , 0.70^ g. o f  the  pure 
f i r s t  spot was ob ta ined , which was E-D-cam phor-10-chloro-
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su lfo x id e  ( 138b) th e re  was O.557 g. o f  pure second spo t
c o lle c te d , which was (Z )-D -cam phor-10-chlorosulfoxide (138a)
and 0 .30 g. o f mixed f i r s t  and second sp o ts . The to ta l
y ie ld  i s  35*1$*
Work up the  pure f ra c tio n s  and the f i r s t  spo t was a waxy
o i l  a t  room tem peratu re , but c ry s ta l l iz e d  w e ll in  deep f re e z e r
and th e  second spot was a f in e  c ry s ta ls  a t  room tem perature,
in.p. 8l=82°C. The E-D -cam phor-10-chlorosulfoxide ( 138b)
showed i . r .  v “ I  1750 ( J L ) ;  1290 and I I 30 ( / I n ) ;  1080, 1050 
0
and 1020 (/S n ), and 830 cm"1 ( c - c l ) .  The nmr spectrum  :
C D C I 3
1.68 ( s , 3H), 1.71 ( s , 3H), 3 .0  1.5 (envelop, 7H). The mass
spectrum  (70 ev) gave a p aren t and base peak a t  232 ( 100) , 
in te n se  s ig n a ls  a t  197 (38 . k ) , 183 ( 12. 6 ) ,  137 (71 - 9 ), 107 
(75-3) and 109 (7 5 .3 ).
Anal. Calcd. fo r  CxoHiaGlOfeS: C, 51.61; H, 5 .59 ; C l, 15.27;
S, 13.76 ; 0 , 13.76 Found: C, ; H, 5-71 ; C l, 15.09 ,
s ,  13.87  .
The (z)-D -cam phor-lO -ch lorosu lfox ide (138a) showed the
v 1750 ( X  ) ,  1280 ( C=S); 1080, 1050 and 1020IDoa
,PMC
( S=0) and 780 cm" (C -C l). The nmr spectrum  gave 6_ „ ,  :
C D C I 3
1.61 (s , 3H), 1.63 ( s , 3H), 2 .7  r- 1.5 (envelop, 7H). The 
mass spectrum  gave a p aren t and base peak a t  292 ( 100) and 
in te n se  peaks a t  215 (3 . 0 ) , 197 (6 . 0 ) ,  183 (3 « l) , 173 (19*8 ), 
137 (9 .1 ) , 107 (7 A ) and 105 (7 .*0 .
Anal. Calcd. fo r  Clo Hi3C102S : C, 51.61; H, 5 .59 ; C l, 15.27;
S, 13.76 . Found: C, 51.90; H, 5*72; C l, 15. 08 ; S, 13. 90 .
IV-C. R eaction o f D -cam phor-10-sulfonvl ch lo rid e  w ith  t r i e t h v l - 
amine in  anhydrous cyclohexane.
A s o lu tio n  o f 5 .02 g, (0 .02 mol) o f D-camphor-10- 
su lfo n y l c h lo rid e  ( 137) in  175 ml o f cyclohexane, p red rie d  over 
Na, was s t i r r e d  under N3 p assin g  over i t .  k.2l+ g. (O.CA-2 mol) 
o f  tr ie th y la m in e  in  30 ml o f cyclohexane was added slow ly and 
the  r e s u l t in g  m ix ture  was s t i r r e d  fo r 16 h r s .  During th a t  
tim e, a  w hite  s o l id  was formed which was f i l t e r e d  a t  the  end of 
16 h rs . and gave k.2.0 g . o f  w hite  s o l id .  The nmr and i r  spectrum  
o f  the  s o l id  shewed a m ix ture  o f t r i e th y l  ammonium c h lo rid e  and 
D -cam phor-10-sulfonate s a l t .
The f i l t r a t e ,  a f t e r  evap o ra tio n  gave 1,95 g. o f deep yellow 
syrup . The nmr spectrum  o f th e  syrup showed no s ig n a ls  lower 
than  3*3 ppm, and th e  t i c  in d ic a te d  only  two d i s t in c t  sp o ts ,
I .85  g. o f  the  syrup was p u r i f ie d  over a  column chromatography 
on s i l i c a  gel and developed w ith  1 to  12 r a t i o  o f  e th y l a c e ta te
and benzene. The d i f f e r e n t  f r a c t io n s  were c o lle c te d  by f ra c t io n
c o l le c to r  and checked by t i c .  Among th e  f r a c t io n s ,  i t  gave O.65O 
o f  th e  f i r s t  spo t and Q.5 IQ g. o f the  second spo t and 0.30 g.
o f  m ix ture  o f th e  f i r s t  and second sp o ts . The i r  and nmr o f
th ese  two pure f ra c tio n s  showed e x a c tly  th e  same s ig n a ls  as 
those o f  the  ( e ) -  and (z)- o f  D -cam phor-10-chlorosulfoxide 
( 158b) and ( 158a ) as th a t  ob ta ined  in  the  p rev ious re a c tio n .
IV-D. P re p a ra tio n  o f  cam phane-10-sulfonic a c id  (156) .
A. Reduction o f D -cam phor-10-sulfonic a c id .
k2 g. (0 .18 mol) o f  the  D -cam phor-10-sulfonic
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a c id  were d isso lv ed  in  270 ml o f ho t g la c ia l  a c e tic  ac id  in  a 
3 -necked round bottomed f la s k , f i t t e d  w ith  a m echanical s t i r r e r ,  
a d d it io n a l  funnel, and a re f lu x  condensor. To th is  so lu tio n , 
♦zinc-amalgam was added follow ed by 270 ml o f  concen tra ted  
h y d ro ch lo ric  a c id . The m ixture was s t i r r e d  fo r 7 h r s .  and 
ano ther 70 nil o f  the  concen tra ted  h y d ro ch lo ric  ac id  was added 
and ano ther 60 ml o f  concen tra ted  HC1 was added a f t e r  ano ther 
7 h r s .  The m ixture was then s t i r r e d  fo r  2h h r s .  The m etals 
were f i l t e r e d  o f f  through g la ss  wool, and most o f the  so lv en t was 
removed to  g ive 22 g. (56-5$) o f  the  red u c tio n  product which was 
converted  to  su lfo n y l c h lo rid e  w ithou t fu r th e r  p u r i f ic a t io n .  
♦ P repara tion  o f zinc-amalgam115.
To a ho t so lu tio n , con ta in ing  15*5 g* o f m ercuric  ch lo rid e  
and 8 ml o f  concen tra ted  hyd roch lo ric  ac id  and 120 ml o f 
w a te r, 137 g . o f  z in c  dust was added slow ly w ith  vigorous 
s t i r r i n g .  The zinc-amalgam was sep ara ted  by d ecan ta tio n  o f  the  
w ater and was used im m ediately.
B. P re p a ra tio n  o f cam phane-10-sulfonyl c h lo rid e  (157).
To 2 1 .8  g. (0 .1  mol) o f  the  reduced acid  in  a 
round bottomed f la s k ,  17 g. o f the  phosphorus oxychloride were 
added and re flu x e d  fo r  3 h r s .  then cooled to  room tem perature . 
The re a c tio n  m ixture was poured in to  a beaker con ta in ing  ic e -  
w ater to  hydrolyze any excess phosphorus oxych lo ride . The 
b lack  s o l id  was f i l t e r e d  and was d isso lv ed  in  chloroform  and 
re flu x e d  w ith  charcoa l fo r  d e c o lo r iz a tio n . The charcoal 
was f i l t e r e d  o f f  and chloroform  was evaporated . The deep
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brown so lid  was p u r i f ie d  by column chromatography. R e c ry s ta l l iz a ­
tio n  from petroleum  e th e r  gave 6 .0  g. (25 . 37$) o f p a le  yellow
c ry s ta l s ,  m.p. 80-82°C. The i . r .  fo r  compound 157—— max
1250 and ll6 0  ( SQ2 ) ,  and 780 cm"1 fo r  S-Cl ab so rp tio n . The
TMSnmr spectrum gave &CDCl3: 0*8? ( s ,  6h ) ;  1 .8  ~  1.1 (envelop, 9H);
3 .75 ( s ,  2H). The mass spectrum  (JO ev) gave a p aren t peak a t 
172 (0 . 7 ) , base peak 137 ( 100) and in te n se  s ig n a ls  a t  27 (20 ),
29 (1*0, 39 (26 ) , k l  (50 ) ,  k3 (21 . 5 ) ,  53 (1 8 .5 ) , 55 (1^ . 0 ) ,  57
( 10. 0 ) , 6k (3 . 6 ) , 67 (29 . 5 ) , 69 (2 2 . 5 ) ,  77 ( 16.2 ) ,  79 (21 . 0 ) ,
81 (88 . 0 ) ,  82 ( 12. 5 ) , 91 ( 13. 0 ) ,  93 (22 . 5 ) ,  95 (75 . 0 ) ,  105 ( ^ A ) ,
109 (5 .0 ) ,  119 (6 . 0 ) , 138 (8 . 5 ) .
Anal. Calcd. fo r  CloHiTC10sS: C, 50 .71*; H, 7 .1 9 ; S, 13.53; C l, 15.01;
0, 13. 53 . Found: C, 50 .77; H, 7 .1 3 ; S, 13.60; C l, 15. 20 .
IV-E. P re p a ra tio n  o f  camphane-10-phenyIsulfonam ide ( 167).
r
A so lu tio n  o f  O.606 g . (6 mmol) o f tr ie th y la m in e
and O.558 g. (6 nmol) o f  a n i l in e  in  60 ml o f  anhydrous e th e r  was
s t i r r e d  under N2 . To th is  s o lu t io n , 1.18 g. (5 nmol) o f
cam phane-10-sulfonyl c h lo r id e  in  20 ml o f  anhydrous e th e r  was
added slcw ly , and the  r e s u l t in g  m ix ture  was s t i r r e d  fo r  17 h rs .
A w hite  so lid  was formed during  th a t  time and was f i l t e r e d  o f f
to  g e t 0 .32 g. o f triethylanm onium  c h lo r id e . E vaporation o f
a l l  the  so lv en t from th e  f i l t r a t e  to  g e t 0.95 6* (61$) o f
yellow c r y s ta l s ,  which a f t e r  r e c r y s ta l l i z a t io n  from cyclohexene
gave 0.60  g. (i;0$) o f s u g a r - l ik e , c o lo r le s s ,  tra n sp a re n t
c r y s ta l s ,  m.p. 121-123°C. The i . r .  v 3250 (N-H), 3080max
(c -h ) , 1600, 720 ( ) , 790 , 770 ( A / - ® ) ,  1370, 1165 cm*1,
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R-SCt-NH-. The nmr gave 6 ^ ^ :  0.78 (s , 6h) ,  1 .20 -1 .92  (envelop,
9H), 3 .14  ( s ,  2h), 7 .05 -7 .15  (bm, 1H), 7 .2 -7 .4  (m, ?H). The mass 
spectrum  gave a p a ren t mass a t  295 ( 6 .0 ) ,  and base peak a t  55 (100), 
and in te n se  s ig n a ls  a t  27 (10), 59 (1 6 .7 ) , 55 (1 8 .0 ) , 56 (1 4 .7 ) ,
64 (9 .7 ) , 65 (13 -7 ), 67 (1 7 .3 ), 69 (1 1 .3 ) , 77 (9 .7 ) ,  79 (1 3 .7 ) , 
81 (45 ), 84 (3 6 . 7 ) , 91 (8 . 7 ) , 92 ( 10. 7 ) , 94 (1 3 .7 ) , 95 (25 . 0 ) , 
107 (6 . 9 ) , 121 (7 .3 ) ,  136 ( 18.3 ) , 137 (2 3 .3 ) , 157 (1 1 .3 ) , 292 (30 . 0 ) .
The c ry s ta ls  were d ried  over re f lu x in g  e thanol under vacuum.
Anal. Calcd. fo r CisHasNOaS: C, 65-53,* H, 7 . 85 ; N, 4 .77 . Found:
C, 65 .51 ; H, 8 .06 ; N, 4 .61 .
IV-F. R eaction  o f cam phane-10-sulfonvl c h lo rid e  (157) w ith  
tr ie th y la m in e  in  e th e r .
A s o lu tio n  o f  2.36  g. (0 .01 mol) o f camphane-10- 
su lfo n y l c h lo r id e  (157) in  80 ml o f  anhydrous e th e r  was t r a n s -  
fered  to  a th ree -necked , round bottomed f la s k , f i t t e d  w ith  a 
d ry ing  tube, a d d it io n a l  funnel, and N2 i n l e t .  This so lu tio n  was 
s t i r r i n g  w ith  N2 passing  over i t ,  and 2.121 g. (0.021 mol) o f  t r i ­
ethylam ine in  30  ml o f anhydrous e th e r  was added dropwise 
and th e  r e s u l t in g  s o lu tio n  was s t i r r e d  fo r  16 h r s .  A fte r the 
a d d itio n  o f tr ie th y la m in e  was com plete, the  N2 was tu rned  o f f .
Work-up of the re a c tio n  m ixture by f i l t r a t i o n  gave
1.21 g. o f s o l id  which was formed during  the  re a c t io n . The
nmr spectrum  o f  the  s o l id  was e x ac tly  th e  same as th a t  o f  the
TMSsy n th e tic  triethylanm onium  c h lo rid e  5 : 1.42 ( t ,  J=6.0 Hz,CDCI3
9H), 3 .22  (q, 6H, J=6.0 Hz ) .  The f i l t r a t e  was evaporated  
to  give a brown syrup (2 .4  g . ) . The nmr spectrum
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o f th e  syrup showed tra c e  amounts o f aldehyde in  a com plicated spectrum.
The crude re a c tio n  product was p u r if ie d  by column chromatography
using  benzene and petroleum  e th e r e lu an t and then
w ith  e th y l a c e ta te  mixed w ith  benzene. Upon the  a d d itio n  o f  the
syrup onto th e  s i l i c a  g e l, the  syrup turned blue
green. Obviously, decom position occured on the
s i l i c a  g e l. D if fe re n t f ra c tio n s  were c o lle c te d . 2-15 (0.04-5 g . ) ,
16-20 (0.140 g . ) ,  21- to  (0.137 S .) ,  t l -50  (0 .0  g . ) ,  51-65 (0.337  g . ) ,
l a s t  (1 .420 g . ) .  The i . r .  and nmr spectrum  o f  the  f i r s t  15 
f ra c tio n s  in d ic a te d  th e  recovery  o f  th e  s t a r t in g  m a te r ia ls .
F rac tio n s  16-20 showed m ostly  the  aldehyde which was fu r th e r  
p u r if ie d  by sub lim ation  a t  110-120°C under h igh  vacuum to  get
KBr0 .1  g. o f pure aldehyde. The i . r .  v : 1750 cm-1 (C*0),
tQflX
USnmr spectrum  gave a ty p ic a l  aldehyde s ig n a l a t  9.75 ppm. .
C D C I 3
9.75 (3 , 1H), 2 . 38 - 1.30  (m, 9H), 1.28  ( s ,  6 h ). The mass spectrum 
gave a p a re n t mass a t  152 (75*0)* base peak a t  151 (100), and 
in te n se  peaks a t  137 (15 -5 ), 135 (1 8 .2 ) , 123 (7 2 .7 ) , 109 (63 . 6 ) ,
95 (2 4 .5 ) , 99 (1 9 .1 ) , 83 (3 3 .6 ) , 81 (5 4 .5 ) . F rac tio n s 2 1 -to
were th e  green m a te r ia ls  which c ry s ta l l iz e d  a f t e r  evapora tion  of 
a l l  the  so lv e n ts . The nmr spectrum gave 6 ^ ^ ^ :  4 .2  (q , J ^ .O  Hz,
2H), 3 .0  (s , 2H), 1.32 ( t ,  j» 7 .0  Hz, 3H), 1 .8 -0 .9  (envelop, 9H),
0 .8  ( s ,  bH). The mass spectrum  gave a p a ren t mass a t  180 (4 .7 ) 
and base peak a t  42 (100), in ten se  peaks a t  27 (58 . 9 ) ,  to  ( 10. 5 ),
53 (2 4 .2 ) , 64 (1 5 .5 ), 67 (31 . 6 ) , 69 ( 17. 4 ), 79 (28 . 9 ) , 81 (50 . 0 ) ,
91 ( 16. 8 ) ,  S3 (4 7 .4 ) , 95 (2 6 .3 ), 99 (1 7 .4 ), 107 ( 10. 5 ) ,  135 ( 18. 9 ) ,
136 (25 . 8 ) , 137 (1 6 .8 ), 151 (6 .3 ) , 162 (3 .2 ) . F rac tio n s  51-65 
showed a very com plicated spectrum. F rac tions a f t e r  65 d id  not
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come out o f  the  column, but were washed out by m ethanol. The nmr
spectrum  o f th is  methanol wash was s im ila r  to  the  nmr spectrum
o f the  sy n th e tic  triethylanm onium  camphane-10- su lfo n a te . 5" “, :CDCI3
3 .2  (q, J -7 .0  Hz, 6H), 2 .81 ( s , 2H), I .38  ( t ,  J^T.O Hz, 9H),
1 . 8 ^ - 1 . (envelop, 9H), 0 .82 (s , 6h ).
IV-G. R eaction o f cam phane-10-sulfonyl c h lo rid e  (157) w ith  
tr ie th y la m in e  follow ed by a n i l in e  a d d itio n .
A s o lu tio n  o f  2.36  g. (0 .01 mol) o f  caraphane-10- 
su lfo n y l c h lo rid e  (157) in  100 ml o f anhydrous e th e r  was t r a n s -  
fe red  in to  a th ree-necked , round bottomed f la s k , f i t t e d  w ith  a 
d ry ing  tube, a d d it io n a l  funnel, and N2 i n l e t .  This so lu tio n  
was s t i r r e d  w ith  N2 passing  over i t ,  and 2.020 g. (0 .02 mol) 
o f  tr ie th y la m in e  in  20 ml o f  e th e r  was added slow ly . A fte r the 
a d d itio n  o f tr ie th y la m in e  was com plete, the  N2 was turned  o f f .
The r e s u l t in g  s o lu tio n  was s t i r r e d  fo r  20 h r s .  and the  nmr spectrum  
in d ic a te d  th a t  th e re  was s t i l l  a sm all amount o f s ta r t in g  
m a te r ia l  1^7 l e f t ,  a t  the  end o f lj-0 h r s . ,  i t  in d ic a te d  th a t  
a l l  the  s ta r t in g  m a te r ia ls  were gone, then  1 .0  g. (0.011 mol) 
o f a n i l in e  was added w ith  Ng passing  over th e  re a c tio n  m ix tu re .
The so lu tio n  was s t i r r e d  fo r  ano ther 20 h r s .  There was s o l id  
formed befo re  th e  a d d itio n  o f  a n i l in e .  Work-up by f i l t r a t i o n  
o f f  the  s o l id  to  g e t 1.27  g. (97 .0$) o f s o l id  whose nmr 
spectrum  was th e  same as th a t  o f sy n th e tic  triethylanm onium  
c h lo r id e . The f i l t r a t e  was evaporated o f f  and th e  syrup (3-0  g .)  
was d isso lv ed  in  chloroform . The chloroform  s o lu tio n  was 
washed tw ice (50 ml each) w ith  5$ HC1 then  w ith  w ater to  get
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r id  o f any excess tr ie th y la m in e  and a n il in e .  The chloroform
so lu tio n  was then d r ie d  over anhydrous magnesium s u l f a te .  A fte r
evaporation  o f a l l  the  chloroform , a brown syr..p (l.O  g, ) remained.
The i . r .  spectrum  o f the  camphane-10-phenylimine (168) gave
v ^ U ld: 2990 (C-H), 1720, 1600 (O N ), 1175, H 00, 780 ( ^ 2 > ) .
TMSThe nmr spectrum  gave : 7 .27  ( s ,  5H), 2 .0 -1 .4  (envelop,
9H), 1 .0  (s , 6h ), 5*5 (s , 1H) and im p u ritie s  a t  3*02 ( 1H), O.85-
0.95 (m» 2H). The mass spectrum  gave a p a ren t mass a t  227 (3*2), 
base peak a t  109 ( 100) , in te n se  peaks a t  170 (5 . 1 ) , 158 (4 .6 ) ,
152 (30 . 2 ) , 137 ( 18. 1 ) , 136 (30 . 2 ) , 135 (8 . 8 ) , 123 (2 1 .9 ) , 121 
( 15. 8 ) , 110 (1 5 .3 ), 99 (21 ,9)» 95 (3 9 .5 ), 93 (4 6 .5 ) , 91 ( 18.6 ) ,
83 (4 8 .5 ) , 31 (60 . 5 ) ,  79 (3 4 .9 ) , 77 (2 5 .l ) .  The syrup was 
p u r if ie d  by column chromatography on s i l i c a  gel/benzene and 
d i f f e r e n t  f ra c tio n s  were c o lle c te d .









The nmr spectrum  o f f ra c t io n  8-16 showed the  same spectrum  as 
camphane-10-aldehyde ( 160) . 17 and 18 showed sm all amount o f
aldehyde and m ostly a com plicated spectrum . F rac tio n s  19 and 
20 showed a com plicated nmr spectrum , a phenyl s ig n a l  between
7 .l8 -7 .3 3 »  a q u a r te t  a t  3*8* a s in g le t  a t  3*1 ppm, se v e ra l s in g le ts  
a t  2 .1 -3 .0  ppm, camphane envelop a t  1 ,83-1 .5  P P ® , complex s ig n a ls  
a t  0 . 9- 1.3  ppm. and two m ethyl group from camphane a t  0 .8  ppm. 
O bviously, th e  S c h i f f 's  base decomposed on th e  s i l i c a  g e l. The 
l a t t e r  f r a c t io n s  a ls o  showed complex nmr spectrum , t o t a l ly  d i f f e r e n t  
from th a t  o f  th e  crude re a c tio n  syrup before  chromatograph.
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